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The principal object of the present work, while setting forth the 
usual methods of Qualitative Analysis in their most concise form, is to 
direct, and if possible to enforce, attention to the rationale of each 
operation performed, and the nature of each reaction which takes place. 

It is hoped that the system adopted will tend to some extent to 
check the prevailing tendency, common even among more advanced 
students, to regard Chemical Analysis as a mere routine of mechanical 
operations, and entirely to overlook its scientific aspect. 

It has been my endeavour in drawing up the Analytical Tables, 
with their Explanations, to ^nder each one comprehensive, avoiding as 
far as possible the necessity of reference to remote sections or pages. 

The scheme of analysis recommended is in substance the same as 
that given in the standard text-books, but considerable changes have 
been introduced in many important matters of detail, and in arrange- 
ment, such as experience has shewn to be advantageous. 

The reactions of some of the more important Organic Substances 
have been stated in a short form, to meet the requirements of commencing 
Medical Students. 

I am greatly indebted to my friend W. J. Sell, M.A., for his 
kindness in revising the proof-sheets, and in making some useful sug- 
gestions. 

H. J. H. F. 
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PRINCIPAL REACTIONS OF THE MORE 

COMMON METALS. 



SILVEB. 

Solutions of silver salts (€,g, AgNO,) give with 

Hydrochloric add, white ppt of silver chloride soluble in NH,,^ insoluble in HNO,, 

AgNO, + HCl = AgCl + HNO,. 
This precipitate is turned violet on exposure to sunlight 

Potasnum ehromcUe, crimson ppt of silver chromate, soluble in HNO^, 

2AgN0, + K,0rO, = Ag,CrO, + 2KN0,. 



Caustic potatht brown ppt. of silver oxide Agfi, soluble in NH, and in adds. 
PotcuHum iodide f yellow ppt. of silver iodide Agl, insoluble in NH, and in dU. HNO,. 
Sodium phosphate^ yellow ppt. of silver phosphate Ag3P04, soluble in NH, and in acids. 
Hydrotulphurie acid, black ppt. of silver sulphide Ag,S, soluble in hot HNO,. 



Heated on charcoal, before the blow-pipe, with Na,CO«, solid silver compounds give brilliant 
white metallic mass or globules. 

1 
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PRIKCIPAL REACTIONS OF 



\ 



LEAD. 



Solutions of lead salts, e,g. Pb(NOJ,, give with 

Hydrochloric acidy white ppt. of lead chloride, soluble in boiling wat^r, insoluble in 
ammonia, 

Pb(NOJ, + 2HC1 = PbCl, + 2HNO3. 

HydromLphuric acid, black ppt. of lead sulphide, 

Pb(N03), + H,S = PbS + 2HN0,. 

This ppt. dissolves in hot dil/uie HNO,, forming lead nitrate. Strong nitric acid converts it 
chiefly into white insoluble lead sulphate. 

-Dilute sulphuric acid, white ppt. of lead sulphate, soluble in strong solution of 
ammonium acetate, 

Pb(N0,), + H,S0, = PbSO, + 2HNO3. 

■Potaasiv/m chromaie, yellow ppt. of lead chromate, insoluble in acetic acid, soluble 
in KHO, 

Pb(NO,), + K,Cr0, = PbCrO, + 2KNO3. 



Potassium iodide ^ yellow ppt. of lead iodide Fbl,. 

Caustic potash, white ppt. of lead hydrate Pb(0H)2, soluble in excess. 

Ammonia^ white ppt. of basic salt, inaolnble in excess. 



Solid lead compounds heated on charcoal before the blow-pipe give yellow or orange incrus- 
tation, and, in the reducing flame, with Na^CO,, metallic beads which are malleable. 



THE MORE COMMON METALS. :\ 



MEBCUBT. 



Gteneral Beactions. 

Solutions of mercury compounds heated with metallic copper and dilute hydrochloric acid 
(free nitric acid must be absent) give a bright deposit of metallic mercury on the copper. 
On heating the two metals in a dry narrow test-tube, the mercury sublimes, forming a grey ring 
which may be united into globules by rubbing with a glass rod. 

Solid mercury com|)OundB heated on charcoal volatilize entirely. Heated in a bulb-tube 
witli dry Na^CO, a ring of metallic mercury is obtained. 



MercnronB Salts. 

Solutions of mercurous salts, e,g, Hg',(N03),, give with 

Hydrochloric cund, white ppt. of mercurous chloride, 

Hg.(NOJ, + 2HC1 = Hg,Cl, + 2HN0,. 

This ppt. is blackened by ammonia, owing to the formation of dimercurous-ammoniuni 
chloride — 

Hg,Cl, + 2NH, = (NHg',H,)Cl + NH^Cl 

Caustic potash, black ppt of mercurous oxide, insoluble in NH,, 

Hg,(NOJ, + 2KH0 = Hg,0 + 2KN0, + H,0. 



Ammonia^ black ppt. of a basio meroorons salt. 

Potassium iodtdtt greenish-yellow ppt of meroorooB iodide Hg^. 

Ilydrosulphurie acid^ black ppt. of mercarooB sulphide Hg,S (perhaps a mixture of HgS + Hg). 

Stannous chloride, ferrotu nUphate, or sulphurous acid, grey ppt. of metallic mercury. 

Potassium chromate, orange ppt. of basio mercoroos chromate Hg^CrO^ . Hg,0. 
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PRINOTPAL REACTIONS OF 



COPPER. 



Cupric Salts (usually green or blue). 

Solutions of cupric salts {e.g. CuSOJ give with 

Hydrosul^huric acid, black ppt. of cupric sulphide, 

OuSO, + H,S = CuS + H,SO^. 

This ppt. is nearly insoluble in ammonium sulphide. Soluble in hot dilute HNO , formini 
cupric nitrate Cu(N03),. [The precipitation by H,S is prevented by the presence of potassiun 
cyanide owing to the formation of a double cyanide Cu^Cy, . 2KCy.] 

Potctssium /erracyanicte, chocolate ppt. of cupric ferrocyanide, 

2CuS0, + K,(FeCyJ = Cu,(FeCy.) + 2K,S0,. 

Ammonia^ pale greenish-blue ppt. of a basic cupric sulphate (such as CuS0^.2Cu(OH) ) 
readily soluble in excess of NH,, forming a dark blue solution. This solu 
tion contains a compound having the composition (CuSO^ + 4NH + H O) oi 
{(N^.0u)O + (NHJ.SO,}. ' • 



Caustic poUuh, pale blue ppt. of cnprio hydrate CnCOH),, which tarns black on boiling, CnO being formed. 

Potassium iodide, dirty white ppt of caproiw iodide Cu,l,, free iodine being liberated. 

Potassium cyanide, brownish-yellow or olive-green ppt. of cupric pyanide Cu"Cy,, which rapidly loses ovanoffen 
becoming (2Cu"Cy2 . Ca'jCyJ, or Cu"jCyi. 

These cyanides dissolve in excess of KCy, forming double cyanides CuCyj.2KCy and CojCyj.aKCi 
respectively. 

Biany reducing agents such as glacose, aldehyde, &a in presence of caustic potash, precipitate red ouproai 
oxide COjO, on heating. 



Cuprous S&lts (usually white, and insoluble in water). 

Solutions of cuprous salts {e.g. Cu.Clj, dissolved in HCl) give with 

Caustic potash, yellow ppt. of cuprous hydrate Cu,(OH),. 

Potassium iodide, white ppt. of cupi-ous iodide without separation of iodine, 

Cu,Cl, + 2K1 = Cu,l, + 2KC1. 

Wat&r gives a white ppt. of Cu.Cl,, tbis being soluble only in strong HCl. 



Solid copper compounds heated with Na,CO, on charcoal before the blow-pipe give red 
globules or spangles of metallic copper. 

Borax bead, in oxidizing flame, green when hot, blue when cold. 
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Mercuric Salts. 

Solutions of mercuric salts (e,g. Hg^'Cl,) give with 

Hydrosidphuric acid, black ppt. of mercuric sulphide, 

HgCl, + H,S = HgS + 2HC1. 

This ppt is insoluble in ammonium sulphide and in dilute HNO^. Strong HNO, converts 
it into a white mixture of 2HgS and Hg(NO,),. 

Causae potash, yellow ppt. of mercuric oxide, 

HgCl, + 2KH0 = HgO + 2KC1 + H,0. 



Potas$ivm iodide^ red ppt. of mercorio iodide Hgl^, soluble in exoess, forming the double iodide (Hglo . 2E1). 

Ammonia, white ppt. of merooric-ammoniam chloride (NHg:''H2)CL 

Stannous chloridef first a white ppt. of mereorons chloride, which is afterwards farther reduced to metallic 
mercury, if sufficient SnCl, is present. 



BISMUTH. 

Solutions of bismuth salts, e.g, ^{(SO^)^^ give with 

Hydrosidphuric ctcid, blackish-brown ppt. of bismuth sulphide, 

2Bi(N0^3 + 3H,S = Bi,S3 + 6HN0,. 

This ppt. is insoluble in ammonium sulphide. Soluble in hot dilute HNO,, forming bismuth 
nitrate Bi(N03)3. 

Ammonia, white ppt. of bismuth hydrate, 

Bi(N0,)3 + 3NH3 + 3H,0 = Bi(OH), + 3NH,N0,. 

This ppt. dissolves in HCl, forming bismuth chloride BiCl,. Much water added to the 
solution precipitates white bismuth oxychloride Bi303.BiCl3, 

3BiCl3 + 3H,0 = Bi,0, . BiCl. + 6HCL 
Bismuth oxychloride dissolves in hydrochloric but not in tartaric acid. 



Stannous chloride ■\- caustic potash, black ppt. of bismuth dioxide Bi^O,. 

Potassium ehromate, yellow ppt. of basic bismnth chromate 8Bi,0,.2CrO„ insoluble in EHO, soluble in 
dUuteHNO,. 

Potassium iodide, brown ppt. of bismuth iodide Bil^, soluble in excess. 

Caustic potash, white ppt. of bismuth hydrate Bi(OH),. 



PRINCIPAL REACTIONS OF 



ARSENIC. 

Gteneral Beactions. 

Compounds of arsenic in solution acidified with HCl (free ILNO, should be absent) and 
introduced into a vessel in which hydrogen is being generated (e.^. by the action of 
2n -i- dil. HgSO^), give off arseniuretted hydrogen AsH^, which bums with a bluish-white flame. 
If a piece of cold porcelain be held in the flame, a black stain of metallic arsenic is deposited on it. 
This stain dissolves at once in sodium hi/pocJdorite, [Marsh's test.] 

If arseniuretted hydrogen be passed into a solution of silver nitrate, it is decomposed as 
follows : 

A8H3 + 6AgN0, + 3H,0 = 3 Ag, + H.A&O, + 6HN0,. 

black ppt. 

On carefully neuti*alizing the clear liquid with ammonia (and adding a drop more AgNO , if 
necessary), a yellow ppt. of silver arsenite is obtained (see below). 

Solid arsenic compounds heated on charcoal with Na^CO, (or KCy) in the reducing flame 
give a characteristic (poisonous) odour of garlic. 

Heated in a bulb-tube with Na^CO, and charcoal, a black ring of metallic arsenic is obtained. 
This ring when heated in a dry test-tube gives a crystalline sublimate of arsenic trioxide As^O^. 



Arsenions Compounds. 

Solutions of ai-senious compounds (e.g. K,AsOJ give with 

Uydrosulphuric add in presence of dilute HCl, yellow ppt. of arsenious sulphide, 

2K AsO. + 6HC1 + 3H.S = As.S, + 6KC1 + 6H.0. 

This ppt. dissolves in ammonium sulphide, forming an ammonium sulpharsenite, e.g, 
(NHJjAsSj (or 3(NHJjS . As^SJ ; and in ammonium carbatiaU giving a mixture of arsenite 
and sulpharsenite. From either of these solutions dilute acids reprecipitate As S , thus : 

2(NH,)3AsS -f 6HC1 = As^S, + 6NH,C1 + 3H,S 

«^ ^ r 

solpharsemte 

and (NHJAsO, + 3(NHJAsS, -h 4HC1 = 2 As.S, -h 4NH,a + 2H,0. 

arsenite solpha^rsenite 

Silver nitrate, yellow ppt. of silver arsenite, soluble in ammonia and in acids, 

K^O, + 3AgN0, = Ag3AsO, + 3KN0,. 
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Copper mlphate, yellowish -green ppt. of cuprio hydrogen arsenite GoHAsO,, which, when heated with caustic 
potash, gives red cuprous oxide Go^O. 

Magnesium sulphate^ in presence of NH^Cl and NH,, no ppt. 

Metallic copper ^ in presence of dilate HCl, steel-grey deposit of copper arsenide, which, when heated in an open 
tul)e, gives crystalline sublimate of As^O, . 

Oxifiizing agents^ such as nitric aoid, sodium hypochlorite, <&c., convert arseniout compounds into the arsenic 
form. 



Arsenic Compounds. 

Solutions of arsenic compounds (e.g, KgAsOJ give with 

Ilydrosulphuric acid, in presence of dilute HCl, on heating, at first, white ppt. of sulphur, 

K,A80, + 3HC1 + H,S = H,A80, + 3KC1 + H,0 + S, 

and, after some time, yellow ppt. of As^S,, 

2H3 AsO, + 3H,S = As^S, + 6H,0. 

[If first boiled with SO,, As^Sj is at once precipitated (see below).] 

Silver nitrats, brick-red ppt. of silver arsenate, 

K^AsO, + SAgNO, = Ag,A80, + 3KN0„ 
soluble in ammonia and in acids. 



Copper nilphate, greenish-blue ppt. of cuprio hydrogen arsenate CuHAbO^ (not reduced on heating with EHO). 

Magnesium sulphate + ammoniaf in presence of NH^Cl, white crystalline ppt. of magnesium ammonium arsenate 
Mg(NHjA80^. 

Ammonium molyhdate, in presence of HNO„ yellow ppt. on heating. 

Ferric chloride^ yellowish- white ppt. of ferric arsenate FeAs04. 

Calcium chloride, white ppt. of calcium arsenate Ca,(As04)2> 

Many reducing agents, such as SO,, convert arsentc compounds into the arseniou^ form 

ASjOb + 280, + 2H5O = AsaO, -f- 2H2SO4 



8 FSINCIPAL BEACnONS OF 



AHTmOHY. 

Genenl Sc&ctioiis. 

Gompoaiuii of antimonj in aohitioii acidnlated with HQ, and poured on to a piece of 
zinc in contact with plaiimtm foU, give a black stain of metallic antxmonj on tke ptaHmum, 

In MartJCs appareUut they behave HiTnilariy to compounds ci anauc, bot the black stain 
produced does not disaolre in sodium hypochlorite. 

Antimoninretted hydrogen SbH, passed into a solution of rUeer nitrate is deccxnpoeed 

AS follows I 

SbH, + 3AgNO, = SbAg. + 3H^O,. 

black ppi. 

The Sb may be dissolved out of this ppt. with tartaric acid, and confirmed by HCl + H S, as 
below. 

Solid antimony compounds heated on charcoal bef(»re the blow-pipe with Na^CO^, in the 
reducing flame, give brittle grey metallic globules^ and a white incrustation of Sb^O^. 



Antmuniioiis Compounds. 

Solutions of antimoniouB compounds (e.g. SbClJ give with 

Hydromdphurie cicid (in presence of dilute HCl), orange ppt of antimonious sal|^de, 

2Sba3 + 6H^ = Sb A + 6HCL 

This ppt. dissolves in a/mmomum stdphidey forming an ammonium sulph-antunomte, e.g. 
(NHJ^SbS,, from which it is reprecipitated by dilute acids ; and in strong boiling HCI, formiiwy 
antimonious chloride SbCl,. It is almost insoluble in ammonium carbonate. 

Silver nitrate^ in presence of caustic potash, black ppt of argentous oxide (I) which 
is insoluble in aiMnonia, 

SbCl, + 4AgN0, + 8KH0 = Ag^O (t) + KSbO, + 4KNO, + 3KC1 + 4H,0. 



Water glTes niiite ppt. of antunonious oxychloride Sh^O, . SbCl, , soluble in tartaric acid and in HCl. HCl 
giyes a similar ppt. from manj antimonious compounds (e.g. tartar emetic) readily soluble in excess. 

Caustic potash, white ppt. of antimonious oxide Sb^O,, soluUe in excess, forming potassium antimonite 
K,0 . 8b^,. 

Awunonia gives same ppt. as EHO, nearly insoluble in excess. 

Potasnum iodtde + HCl gives no iodine on h<*atin g. 
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Antimonic Compounds. 

Solutiona of antimonic compounds (e.g. KSbO, = K,0 . Sb^O^) give with 

Hydrosuiphuric acid, in presence of dilute HCl, orange ppt. consisting chiefly of 
antimonic sulphide, 

K,0 . Sb,0. + 2HC1 + 5H,S = Sb,S, + 2KC1 + 6H,0. 

This ppt. dissolves in arrvmonium sulphide, forming ammonium sulph-antimoniate (NH^)gSbS^, 
firom which it is reprecipitated by dilute acids ; and in strong boiling HCl, forming antimoniottf 
chloride and free sulphur, 

8b,S, + 6HC1 = 2SbCl3 + 3H,S + S,. 

Heated with potassium iodide and hydrocJdoric acid, iodine is set free : 

KSbO, + 6HC1 + 2KI = SbCL + 3KC1 + 3H.0 + 1.. 

The precipitate produced by silver nitrate and caustic potash is solvable in ammonia. 
These last two reactions distinguish antimonic from antimoniot^^ salts. 



TIN. 

Gteneral Beactions. 

If a small piece of zinc be added to a solution containing tin acidulated with dilute HCl, 
a grey deposit of metallic tin is obtained on the zinc. On dissolving this deposit (with the 
zinc, if necessary) in strong hot HCl, st&nDous chloride is obtained, which may be confirmed, as 
below, with mercuric chloride. 

Solid tin compounds heated on charcoal with Na^COg or KCy in the reducing flame give 
malleable beads of metallic tin. Oxides of tin moistened with cobalt nitrate and heated in the 
oxidizing flame give a bluish-green mass. 



Stannons Salts. 

Solutions of stannous salts {e.g, SnCl,) give with 

Hydrostdphuric acid, in presence of dilute HCl, dark brown ppt. of stannous sulphide, 

SnCl, + H,S = SnS + 2HCL 

This ppt. dissolves in yellow ammonium sulphide*, forming ammonium sulphostannoto 
(NH J,SnS3[ = (NH^)gS . SnSJ from which dilute HCl precipitates dirty yellow stannic sulphide 
SnS,. Stannous sulphide is soluble in strong boiling HCl, forming stannous chloride. Insoluble 
in ammonia, 

* The yellow ** ammonium sulphide" used in laboratories contains an excess of sulphur, being a mixture of 
polysulphides of ammonium, ammonium thiosnlphate, Ac. 

F. 2 



10 PRINCIPAL REACTIONS OF 



Stannous Salts (caniinued). 



Mercuric chloride^ white ppt. of mercnrous chloride, turning to grey metallic mercury 
if sufficient Btannous salt is present, especiaUy on heating, 

SnCl, 4- 2HgCI, - Hg.Cl, + SnCl, 
SnCl, + Hg,Cl, = 2Hg + SnCl,. 



Auric chloride^ purple ppt. of aurons Btannous stannate (purple of Gassius) Au'2Sn''(SnO,)2 (or perhaps 
An^ + SSnO,). 

Caustic potash^ white ppt. of stannous hydrate 8nO . 2H3O, soluble in excess, forming potassimn stezmite 
Kj8nOj(=K,O.SnO). 

Ammonia^ same ppt. as KHO, insoluble in excess. 

Stannous salts act as reducing agents, becoming converted into the stannic form ; thus potassium chromate ot 
permanganate (in acidulated solution) are at once reduced, giving a green chromium salt, and a oolourleas 
manganous salt rosiKxstively. Silver nitrate gives a black ppt. of metallic silver. Ferric and cupric salts are 
reduced to the ferrous and cuprous state. 



Stannic Salts. 

Solutions of stannic salts (e,g, SnCl^) give with 

Hydromdphv/ric acid^ in presence of dilute HCl, dirty yellow ppt of stannic sulphide, 

SnCl, 4- 2H,S = SnS, + 4HCL 

This ppt. dissolves in ammonvwm stUphide, forming ammonium sulphostannate (NH^),SiiS,, 
from which HCl reprecipitates SnS^. Soluble in strong boiling HCl, forming stannic chloride. 
Slightly soluble in cMnmoniv/m ca/rhoyuUe. Soluble in ammonia. 

Mercuric cldoridcy no ppt. (Distinction from 8tann(m« salts.) 



Many neutral salts (e.g, Na2S04 or EKO,) give, in dilute solutions, on heating, white ppt. of metastannic aoid 
HjSnjOu . 4HaO( =5SnOj . 5R^0), 

Caustic potash, white ppt. of stannic hydrate SnO^ . H2O, soluble in excess, forming potassium etannate 
KjSnO,(=KaO.Sn02). 

Ammonia, a similar ppt., incompletely soluble in large excess. 

Stannic salts may be reduced to the stannous form by metallic copper, or by reducing to metal by Mne ft*»fl 
dissolving in strong HCL 
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IRON. 

Ferrous Salts. 

Solutions of ferrous salts {e,g, FeSO^) give with 

Ammonia, dirty green ppt (white, if pure) of ferrous hydrate, 

FeSO, + 2NH3 + 2H,0 = Fe(OH)^ + (NHJ,SO^. 

This precipitation is partly prevented by NH^Cl. The ppt, rapidly absorbs oxygen from the 
air, becoming reddish-brown hydrated Fe^Og. 

Potassium /erricyanide, dark blue ppt. of ferrous ferricyanide (?) ** Tumbull's blue,'* 

3Fe"S0, + K,(Fe,Cy,,)'« = Fe"3(Fe,Cy,,)'* + 3K,S0/. 

Potassium /erroci/anide, pale blue ppt, of ferrous potassium ferrocyanide (white, if 
quite pure), 

FeSO, + K,(FeCy.) = FeK,(FeCyJ + K^O,. 

Nitric acidy potassium permangancUey potassium bichromate, and other oxidizing agents, 
convert ferrot^ into ferric compounds, 

6FeS0^ + 2HNO3 + 3H,S0, = 3Fe,(SOj3 + 4H,0 + 2N0 
lOFeSO, 4- K,0 . 2MnO . O, + 8H,S0, = 5Fe,(S0,), + K,SO, + 2MnS0, + 8H,0 
6FeS0, + K,0 . Cr.O, . O, + 7H,S0, = 3Fe,(S0,), + Cr,(SOJ, + K,SO, + 7H,0. 



Potcuaium aulphocyanatey no colouration. 
Caustic pota$ht same result as ammonia. 
Ammonium mlphide, black ppt. of ferrous sulphide FeS. 



Ferric Salts. 

Solutions of ferric salts {e,g, Fe^ClJ give with 

Amm>onia, reddish-brown ppt. of hydrated ferric oxide, 

Fe.Cl, + 6NH, + 5H,0 - Fe,0, . 2H,0 + 6NH,CL 

Potassium ferrocyanide, dark blue ppt. of "Prussian blue." Usually represented t 

2Fe,Cl. 4- 3K/FeCy,) = Fe"7FeCy,)»'3 + 12KC1. 

Potassium sidphocyanide, blood-red colouration, due to ferric sulphocyanide, Fej(CyS)g. 
Bleached by mercuric chloride. 

♦ Perhaps Yem^-\-KJi^Qfiy^^=¥Q"J^J^¥efiy^) + lLfiO^, 

t But the ppt. always contains potassium. If excess of ferrocyanide be employed, the reaction appears to be 
Fe^'jCle + 2K^(FeCy,)»^ = KJFe"j(FejCy, J^ + 6KC1. 

2—2 



12 PRINCIPAL REACTIONS OF 

Ferric Salts (continued). 

Sodium phosphate, yellowish-white ppt. of ferric phosphate, 

Fe.Cl. -f 2Na,HP0, = 2PeP0, + 4Naa + 2HCL 

This ppt. is soluble in HC1, but insoluble in acetic acid. If an acid phosphate be used, as 
above, the precipitation is incomplete unless the free acid be neutralized, or replaced by acetic 
acid. 



Potassium ferricyanidef no ppt. (brown or green colouration). 

Ammonium sulphide, black ppt. of ferrous sulphide, free sulphur separating. 

Caustic potash, same ppt. as ammonia. 

Reducing agents such as HjS, SO3, SnCl,, Zn, &c , convert ferr/c into ferrous compounds. 



Comi)ouud» of iron heated in the borax bead, give, in the oxidizing flame, an orange yellow 
while hot, pale yellow when cold. In reducing flame, bottle-green bead, especially with ferrous 
salts. 



CHROMIUM. 

Any chromium compound fused with Na^CO, on platinum foil in presence of air (or with 
addition of a little KNOg) gives a yellow mass of sodium chromate ; e,g. 

Cr,0, + 2Na,C03 + O, - 2Na,CrO, + 2C0, . 

This may be dissolved in water acidified with acetic acid, and tested for chromate as below 
with lead acetate. 

Before the blow-pipe, chromium compounds give a green borax bead in both flametk 



Chromic Salts. 

Solutions of chromic salts (e.g. Cr^Cl^) give with 

A7nnioniaj bluish-green ppt of chromic hydrate, 

Cr,Cl. + 6NH3 4. CH.O = Cr,(OH), + 6NHp. 

This ppt. is partly soluble in excess of ammonia, giving a pink solution, but is completely 
reprecipitated by boiling for some time. 

Caustic potash gives same result as ammonia, easily soluble in excess, forming a green 
solution. Reprecipitated by continued boiling. 



Many oxidizing agents, e.g. NaClO, PbO^, K^MnjOg (in presence of caustic potash), convert chromic salts into 
ohromatcs. 

Ammonium sulphide, bluish-green ppt. of chromic hydrate Cr^{OB)^, with evolution of H^S. 

Sodium phosphate, green ppt. of chromic phosphate CrPO^, sparingly soluble in acetic add. 
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Chromates. 

Solutions of chromates {e.g. K^CrO^) give with 

Lead cLcetate^ yellow ppt. of lead chromate, insoluble in acetic acid, 

K.CrO, + (0H,0O,),Pb = PbOrO, + 2CH,C0,K. 

Hydromlphuric add, in presence of HCl, gives a green solution of chromic chloride, and 
a white ppt. of sulphur, 

2K,CrO, + lOHCl + 3H,S = Cr.Cl. + 4KC1 + 8H,0 + S,. 

Many other reducing agents, e.g, stannous chloride, sulphur dioxide, alcohol, ferrous salts, 
likewise give green solutions of chromic salts. 

♦ (K,0), . Cr.O, . O3 + SSnCl, + 16HC1 = Cr.Cl. + SSnCl, + 4KC1 + 8H,0 
(K,0), . Cr.O, . O, + 3S0, + 2H,S0, = Cr,(SO J, + 2K,S0, + 2H,0 
(K,0). . Cr.O, . O, + 3C,H,0H + 5H,S0, = Cr,(SOJ, + 3CH,C0H + 2K,S0^ + 8H,0 
(K,0), . Cr,03 . O3 + 6FeS0, + 8H,S0, = Cr,(S0j3 + 3Fe3(SOj3 + 2K.S0, + SH.O. 



Peroxide of hydrogen, added to a dilute solution, acidified with dilate H2SO4 and shaken up with ether, gives a 
deep bine solution due to perchromio acid HjCr^Og. 

Silver nitrate, crimson ppt. of silver ohromate AgjCrO^, soluble in dilate HNO,. 

Barium chloride, yellow ppt. of barium chromate, insoluble in acetic acid. 

Dry chromates, heated with concentrated H^SO^ and sodium chloride, give off red vapours of ohromyl chloride 
CrOjCl,. 

Mercurous Nitrate, brick red ppt. of basic mercurons ohromate 2HgsO . CrO,, which, on heating, gives off Hg 
and O, leaving CrgOj. 



ALUMlimJM. 

Solutions of aluminium compounds, e.g» A1,(S0^)3, give with 

Ammonia, white gelatinous ppt. of aluminium hydrate (or basic salt), 

A1.(S0,)3 + 6NH, + 6H.0 = A1,(0H), + 3(NHJ.S0,. 
This ppt. is somewhat soluble in excess, unless NH^Cl is present, and the solution boiled. 

Cavstic potash, same ppt. as ammonia, easily soluble in excess, forming potassium 
aluminate, SK^O.AljO,; reprecipitated by amTnonium chloride, 

3K,0 . Al,03 + 6NH,C1 = Al.O, . 3H3O + 6Ka + 6NH3. 



Arnmjonium sulphide, white ppt. of aluminium hydrate M^(QiH)^ (often discoloured). 
Sodium phosphate, white ppt. of aluminium phosphate AIPO4, insoluble in acetic acid. 



Many solid aluminium compounds when heated on charcoal leave a white inftisible mass, 
which, when moistened with cobalt nitrate and again heated, gives a sky-blue colour. 

♦ (K,0),.CrjO,.0,=2K,C5r04. 



PRINCIPAL BEACTIOXS OF 



ZING. 



SolntioDS of doc stilts (e.g. ZnSOJ give with 

Amntonium tulphide, white ppt. of ziuc sulphide (often discoloured), 
ZaSO, + {NH^,S = ZnS + (NHJ,SO.. 
Soluble in dilute HGI, forming zinc chloride ZnCl,. Inxolnble in ac«^ic aci< 
(Distinction from Mn.) 

Caustic potash, white ppt. of zinc hydrate, 

ZnSO, + 2KH0 = Zn(UU), + K,SO,, 
easily soluble in excess of colli caustic potash, foimiug potassium zincate K^O . ZnC 
from which H,S precipitates white zinc sulphide ZnS. On boiling the aolution i 
K,0 . ZnO, Zn(OH), is reprecipitated, especially if dilute. 



Awimonia, same ppt. as canatiu potash, Bolnble in excetu and in ammoninm cliloride. 
Bydrotulplmric acid, white ppt. of ZnS in alkaline solution, or one coutaining onl.v aee 

of gufficiont free HCl, H^SO^ , or HNO, . 
Potatiiuia ferrocijanide, vbite ppt. otzino ferrocjauidp, insoluble in dilute HCl. 
Falaisium /enicyanidt, aiaugc ppt. aolnble iu HCl. 



Solid zinc compounds heated on charcoal before the blow-pipe with Na,CO, give a residu 
which is yellow while hot, white when cold. This residue, when moiRt«ned with cobalt nitral 
and again heated, gives a bright green moss. 



HANOAKESE. 

Genend Beactioiu. 

Any compound of manganese when fused in plstinum foil vrith Na,COj in preseDce of ai 
(or with addition of a little KNOJ give a blue-green mas» of sodium manganate, e,g. 
MnSO, + 2Na,CO, + 0, = Na.MnO, -i- Na,SO, + 2C0,- 

AU compounds of manganese after boiling with HOI, give the reactions of nianganotM salts. 

Traces of manganese comirftunds (in absence of CI and Br) when boiled with nitric aci 
and peroxide of lead, give a pink colour, due to permanganic acid H^Mn^O^. 

In the borax bead manganese couipounda give a violet colour in the oxidizing flami 
colourless in reducing flame. 
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Manganons Salts. 



Solutions of manganous salts {e.g, MnCl,) give with 



Ammonium sulphide, buff or pinkish ppt. of manganous sulphide, 

MnCl, 4- (NHJ,S = MnS + 2NH,01. 

This ppt. dissolves in dilute HCl, forming manganous chloride MnCl,. Soluble also in 
acetic acid. Not precipitated in presence of large excess of ammonia. 

Caustic potash, white ppt of manganous hydrate, insoluble in excess, 

MnCl, + 2KH0 = Mn(OH), + 2K01. 

This ppt rapidly absorbs oxygen from the air, forming brown hydrated sesquioxide 
2^In O . H.O. 

Ammonia,, same ppt. as caustic potash. No ppt., however, in presence of ammonium 
chloride, which forms the soluble double chloride MnCl, . 2NH^CL This solution 
readily absorbs oxygen from the air, brown Mn^O, • H,0 being precipitated. 



Sodium hypocMorite, dark brown ppt. of hydrated manganese dioxide MnO^ . H^O. 

Ilydrotulphuric ticid gives no ppt. in presence of a free acid, even acetic. In alkaline solntion MnS is 
precipitated. 



MaTiga,Tiic Salts. 

These are very unstable, and usually decompose when dissolved in water. They form red 
or violet solutions in acids. 

Heated with Hydrochloric add they evolve chlorine, e,g. 

Mn,(SO J, + 2HC1 = 2MnS0, + H,SO, + CI,. 

Caustic potash gives a ilark brown ppt of hydrated manganese sesquioxide, 

Mn,(SO J, + 6KH0 = Mn^O^ . H.O + 3K,S0, + 2H,0. 



PRINCIPAL REACTIONS OF 



Hanganates and Pemuuigaiiates* 

SoIationB of manganatea {e.g. K,MnO^ = K,0 . MdO,) are green; those of pemumguiai 
{t.g. K,Mii,0,= K,O.Mn,0,) rose or purple. 

Manganatee ia solutioa are very anBtable, except in presence of &oe alkalL In neat 
solution they decompoBe as follows : 

3 (K,O.MnOJ + 3H,0 = K.O.Mn.O^ + MnO, . H,0 + 4KH0. 
gieen Bolation pink nlation blown ppt. 

Ohiorine converta manganatea into permanganates, 

2K,MnO, + CI, = K,Mn,0, + 2KCL 

PermaQgaiiatee boiled with alkalis, become manganatea, oxygen being eToIved, 
K^n,0, + 2KH0 = 2K,Mn0, + H,0 + 0. 

Permangan&ttis (or manganates) vhen heated with strong tvipkuric acid evolve oxyven, 
K,0 . 2MnO . O. + 3H,S0. = K^SO. + 2MnS0, + 3H,0 + O, ; 
and with strong hydrochloric add evolve chlorine, 

K,0 . 2MnO . 0, + 16HC1 = 2KC1 + 2MnCI, + 8H,0 + 501,. 

In presence of free acid, they convert — 
FerrooB salts into ferric salts, 

10Fe"aO, + 5H,S0. + O, - 5Fe"',(S0J, + 5H,0. 

Stannous salts into stannic salts, 

5SnCI, + 5Cl, = 5SnCI,. 

Oxalic acid into carbon dioxide and water, 



»SoH*°- = "'™.*™.0- 



Kitrons add into nitric acid, 

5HNO, + 0. = 5HNO,. 

Snlpburons acid into sulphuric acid, 

5H,8O,4-O. = 5H,30.. 
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NICKEL. 

Solutions of nickel salts {e.g. NiSOJ give with 

Ammonium sulphide, black ppt, 

NiSO, + (NHJ,S = NiS + (NHJ,SO,. 

This ppt. is nearly insoluble in dilute HOI. Soluble in aqua regia, forming nickel chloride 
NiCl,. Somewhat soluble in excess of ammonium sulphide (especially yellow), forming a dark- 
coloured solution. [It may be reprecipitated from this solution by adding ammonium acetate 
and boiling, or by acidifying with acetic acid.] 

Caustic poUuh, pale green ppt. of nickelous hydrate, insoluble in excess, soluble in 
ammonium salts, 

NiSO, + 2KH0 = Ni(OH), + K.SO,. 

Fotamum cyanide (pure), greenish-yellow ppt. of nickelous cyanide, 

NiSO, + 2K0y = NiCy, + K.SO,. 

This ppt redissolves easily in excess of potassium cyanide, forming a double cyanide 
NiCy, . 2KCy, which is not altered by boiling with excess of KCy in presence of air. 

This double cyanide gives a pale green ppt. with mercuric oxycyanide*, and a black ppt 
with sodium hypochlorite on gently warming, thus 

NiCy. + HgO . HgCy, + H.O = Ni(OH). + 2HgCy, 

greenish ppt. 

NiCy. + NaClO + 5H,0 = Ni-(OH)^ + NaOl + 4HCy. 

black ppt. 



Potauium nitrite, in presence of acetic aoid no ppt, 

Amnumia, greenish ppt. of niokelous hydrate, soluble in excess, f<»rming a blue solution. Soluble in 
ammoninm salts. 

Hydrosulphuric acid, no ppt. in presence of free HCl. 

Potassium ferriofanidt, yellowish-brown ppt. of nickel ferricyanide, soluble in ammonia. 



Nickel compounds give, in the borax bead, a brownish-violet colour in the oxidizing flame, 
often grey in the reducing flame. 

* Prepared by boiling mercuric oxide (freshly pptd.) with solution of mercuric cyanide and filtering. 
F. 3 



lit PBINOIPAL REACTIONS OP 



COBALT. 

Solutions of cobaltooB salts, e,g* Co(KO,),, give with 

Ammonium sulphide^ black ppt. of cobalt sulphide, 

Co(NO,). + (NHJ,S = CoS + 2NH,K0,. 

This ppt. is almost insoluble in dilute HCL Soluble in aqua regia, forming cobaltous 
chloride CoOl,. 

Caustic potash, blue ppt. of basic salt, insoluble in excess, becoming green or grey on 
exposure to the air, owing to formation of sesquioxide. The blue ppt. turns to red 
cobaltous hydrate Co(OH), on heating. 

Potassium cyanide (pure), brown ppt* of cobaltous cyanide, 

Co(NO,), 4- 2K0y = CoCy, + 2KNO3. 

This ppt. redissolves easily in excess of potassium cyanide, forming a double cyanide 
CoOy . 2KCy *. This solution, if boiled (with slight excess of KCy) in presence of air, is 
converted into potassium cobalticyanide t, 

2(CoCy,2KCy) + 4KCy + H.O + O = K,Co,Cy„ + 2KH0. 

This compound is not precipitated by sodium hypochlorite (at gentle heat), or by mercuric 
oxycyanide. 



Potamum nitrite (ooncentrated solution) in presence of acetio acid, yellow crystalline ppt. after a time, 
probably K^Co8(NOj)i, . 8H5O. 

Ammonia in small quantity gives same result as oaustio potash. More ammonia dissolves it, forming a 
brownish- red liquid which absorbs oxygen from the air becoming red. 

Potassium ferriofanide, reddish-brown ppt. of cobalt ferricyanide, insoluble in ammonia. 

Potassium sulphocyanide in strong solutions, blue colour, soluble in ether. 



Cobalt compounds give in the borax bead a blue colour in both flames. 



* Derived from 4HCy by replacement of H4 by Co'' and K',. 
t Derived from HfCojCy^, by replacement of H, by E«. 
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BABIUM. 

Solutions of barium salts {e,g, BaCl,) give with 

Anwnonium carbonate, white ppt of barium carbonate, 

BaCl, + (NHJ.CO, = BaCO, + 2NH,C1, 
soluble in dilute HOI or HNO,. 

CcUcium 9ulph<Ue, immediate white ppt. of barium sulphate, 

BaCl, + CaSO^ = BaSO, + CaCl,. 

HydrofluosiMoic add, colourless crystalline ppt. of barium silicofluoride, 

Bad, + H,SiF. = BaSiF, + 2H01, 
somewhat soluble in dilute acids, unless alcohol be added. 

Potassium chronuUe, yellow ppt. of barium chromate, even in dilute solutions, 

BaOl, + K,CrO^ = BaCrO^ + 2KC1, 
nearly insoluble in acetic acid. Soluble in HCl. 

Barium salts are precipitated from their solutions by strong HCl or HNO,. Barium 
chloride is insoluble in alcohol 



Dilute stUphurie aeid, or any soluble sulphate, white ppt. of barium sulphate BaS04. 

Sodium phoiphate, white ppt. of barium phosphate, soluble in acids. 

Ammonium oxalate, white ppt. of barium oxalate Ba(CO^,, soluble in HCl, very sparingly soluble in aoetio acid. 



Barium compounds moistened with HCl, and held in the edge of a Bunsen flame on platinum 
wire, give an apple-green colour. 



3—2 
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CALCIUM. 

Kolutioiis of calcium salts {e.g. CaCl^ give with 

Ammonium carbonate, white ppt. of calcium carbonate, 

CaCl, + (NH J.CO, = C^CO, + 2NH^C1. 

Calcium stdpfuUe^ no |)pt. 

IIydrqflv4)Micic acid, no ppt 

Potcunum chromaJte, no ppt. 

Ammvnium oxalate, white ppt of calcium oxalate, even in very diltite solutions, 

9 4 9 

TliiM ppt. is insoluble in acetic acid ; soluble in dilute HCl or HNO,. 
Calcium chloride and calcium nitrate are both soluble in absolute alcohol. 



Sulphuric add or ioltible tulphates^ white ppt. of caldom sulphate in strong solutions only. Beadily soluble in 
utrong (ammoniacal) solution of ammonium sulphate. 

Sodium photphate, white ppt of calcium phosphate. 



(/alcium compotifids examined by the flame test give an orange-red colour. 



STRONTIUM. 

Solutions of stl^ntium salts, e.g. Sr(N03),, give with 

Ammonium carbonatCf white ppt. of strontium carbonate, 

Sr(NO,), + (NH^),0O, = SrCO, + 2NH^N0,. 

Calcium iiUphate, white ppt. of strontium sulphate after a time, or on heating, 

Sr(NO,), -f CaSO, = SrSO, + Ca(NO,),. 

Hydrofluosilicic acid, no ppt. 

Potassium chromatCy no ppt. in dilute solutions. 

MtrDUtium chloride is soluble in absolute alcohol ; strontium nitrate insoluble. 



Dilutf iuiphurie acid or toluble mlphatet^ white ppt. of strontium sulphate, insoluble in strong solution of 
amuumium tutphtite (ammoniacal). 

Ammtmium oxaUite, white ppt of strontium oxalate 8r(C0,),, sparingly soluble in acetic acid, soluble in HCl. 

Siuiium phoHphate, white ppt. of strontium phosphate. 



Stix)ntium comi>ound8 examined by the flame test give a characteristic crimson colour. 
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MAGNESIUM. 

Solutions of magnesium salts {e,g, MgSO^) give with 

Sodium phosphate, in presence of ammonia (and ammonium chloride), white ppt. of 
magnesium ammonium phosphate, 

MgSO, + Na,HPO, + NH3 = MgNH^PO, + Na.SO,. 

This ppt. is crystalline from dilute solutions. 

Ammonioy white ppt. of magnesium hydrate, (in part) 

MgSO, + 2NH3 + 2H,0 = Mg(OH), + (NHJ.SO,, 

but no ppt. in presence of sufficient ammonium chloride, since the soluble double 
chloride MgCl,. 2NH^C1 formed is not decomposed by ammonia. 

Amnwyiium carbonate^ white ppt. of magnesium carbonate, but no ppt. in presence of 
sufficient ammonium chloride. 



Barium hydrate, in absence of ammoniam salts, vhite ppt. of magnesium hydrate Mg(0H)2. 
Cauitic potasht same ppt. 



Some magnesium compounds (e.g. oxide, sulphate, carbonate) heated on chafcoal moistened 
with cobalt nitrate, and again heated, give a pale rose colour. 



AMMONIUM. 

Ammonium compounds {e,g. NH^Cl), when boiled with caustic potash, evolve ammonia, 

NH.Cl + KHO = KCl + H.O + NH,. 
The ammonia may be recognized by its odour, and action on red litmus. 
Solutions of ammonium salts give with 

Platinic chloride (in presence of HCl if necessary), yellow ppt. of ammonium platinic 

chloride, 

2NH,C1 + PtCl, = (NH^),PtCl.. 

This precipitation is more complete in presence of alcohol. 

Xeaaler'a solution (potassium mercuric iodide with excess of caustic potash) gives, even 
in very dilute solutions, a brown or yellow colouration (or precipitate in stronger 
solutions) due to dimercuric-ammonium iodide, 

NH^Cl + 3(HgI, . 2JLI) + 4KH0 = NHg'.I . Bt.O + 7KI + KCl + 4H,0. 



Tartaric acid, white crystalline ppt* on shaking (in strong solutions) of ammonium hydrogen tartrate 

/COONH. 
JCHOH 
JCHOH 
\COOH 



Ammonium compounds heated before the blow-pipe volatilize entirely or in part. 
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POTABSTOM. 

Solutions of potassiam salts (e.g. KCl), if not too dilute^ give with 

Flatinie chloride (in presence of HCl if necessary), yellow crystalline ppt of potassiam 
platinic chloride, especially on stirring, 

2KCl + PtCl,= K^Cl,. 

Tartaric acid, white crystalline ppt. on shaking, of potassiam hydrogen tartrate, 

COOH COOK 

. CHOH _ CHOH 

^^^ ^ CHOH - CHOH ^ ^^^• 
COOH COOH 



Hydroftuotilieic acid, white gelatinoos ppt. of potasnnm siliooflaoride E^SiF^ . 

Picric acid (in strong solutions), yellow crystalline ppt. of potassiam piorate CfH,(NO,),. OK. 



All of the above reactions of potassiam are more complete in the presence of alcohol. 
Potassium salts examined by the flame reaction, give a violet colour. 



SODIUM. 

' Solutions of sodium compounds give no characteristic reaction with any of the common 
reagents, nearly all sodium salts being soluble. 

Potassium metantimoniate gives in neutral solutions a white ppt. of acid sodium metanti- 
moniate, Na,0 . H,0 , Sb.O, . 6H,0. 

The test is not often used. Ammonium, calcium, &c, give a similar reaction. 

Sodium compounds, heated on platinum wire in a Bunsen flame, give a strong yellow 
colouration. 



►• 



PRINCIPAL REACTIONS OF THE MORE 

COMMON ACID RADICLES. 



SULPHATES. 

Heated with strong H,SO^, no result. 

Solutions of sulphates {e.g. K^SO^) give with 

Barium cklaride, white ppt. of barium sulphate, inaotuile in HCl or HNO^, 

K,SO, + BaCl, = BaSO, + 2KCL 

Strontium chloride (or nitrate), white ppt. of strontium sulphate, SrSO^ (slowly in 
dilute solutions). 



Calcium chloride, white ppt. of caloiom sulphate CaS04, in strong solutions only ; soluble in much water. 
Lead acetate, white ppt. of lead sulphate PbS04, soluble in ammonium acetate. 



Dry sulphates (like all sulphur compounds), when heated with sodium carbonate and charcoal 
in the reducing flame, give sodium sulphide, which when placed on a silver coin and moistened 
with water, gives a black stain of silver sulphide Ag,S. 
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SULPHITES. 

{E,g, Na^SO,.) Heated with HCl, sulphur dioxide is evolved, 

Na,SO, + 2HC1 = 2Na01 + H,0 + SO,. 

The evolved gas may be reoognized bj its odour, and action on K^Or.O^, 

K,Cr.O^ + H,SO, + 3S0, = K.SO, + Cr,(SO,), + H.O. 
(orange) (green) 

Treated with HCl and metallic zinc, hjdrosulphuric acid is evolved (detected by lead 

acetate, dice.), 

Zn + 2HC1 = ZnCl, + H, 

and SO, + 3H, = 2H,0 + H,S, 

Solutions of sulphites give with 

Banium chloride, white ppt. of barium sulphite, 

Na,SO, + BaCl, = BaSO, + 2NaCl, 

easily soluble in dilute HCl ; from this solution oxidiiing agents, e,g, chlorine water, 
precipitate white barium 3ulphate, insoluble in HCl, 

BaSO, + H,0 + CI, = BaSO, + 2HC1. 

Silver nitrate, white ppt. of silver sulphite, Ag^SO^, soluble in dilute HNO3. This 
ppt. darkens when heated, metallic silver and sulphuric acid being formed, 

Ag.SO. + H.O = Ag. + H.SO,. 

Free iodine is decolourized, thus : 

Na,SO, + H,0 + 1, = Na,SO, + 2HI. 



TmOSULPHATES. 

Formerly called Hyposnlpliites. 

{B,g. ^AgSgO,.) Treated with HCl, sulphur dioxide is evolved, and yellow sulphur separates, 
especially on heating, 

Na,S,0, + 2HC1 = 2NaCl + H.O + SO, + S. 

Treated with metallic zinc in excess and HCl, H,S is evolved as with sulphites, especially on 
heating. 
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Tbiosnlphates {cfmtinutd). 

Solutions of thiosulphates give with 

Ltad acetate, white ppt. of lead thiosulphate, 

Na,S,0, + (CH,CO,),Pb = PbS.O, + 2CH,C00Na, 

This ppt on heating blackens, owing to formation of lead sulphide, 

PbS.O, + H,0 = PbS + H,SO,. 

Silver and meretMraus salts behave similarly. 

Free iodine is at once decolourized, 

2Na,S,03 + 1, = Na,S^O, + 2NaL 

Ferric chloride^ transient violet colouration (afterwards reduced to ferrous chloride). 



SULPHIDES. 

Heated alone in a current of air (e,g, in an open tube) sulphur dioxide is evolved. 

Treated with HCl, many sulphides evolved hydrosulphuric acid. [Some require boiling 
with strong acid; others {e,g. FeSJ are not decomposed unless zinc be added.] 

FeS + 2HC1 = FeCl, + H,a 
The evolved gas is recognized by its odour, action on lead acetate, d^. 

Soluble sulphides, e.g. (NHJ,S, give with 

Lead a^tate, black ppt. of lead sulphide, 

(NHJ,S + (CH3C0,).Pb = PbS + 2CH,C00(NHJ. 

Sodium nitroprusside, Na^Fe,(NO),Cy,o, gives a fine purple colouration, probably due 
to a double salt of the sulphide and nitroprusside. Free H,S does not give the 
reaction. 

Metallic Hlver is stained black owing to formation of silver sulphide Ag,8. 



F. 
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SHJCOFLUOBIDES 

(E»g. KjSiFj) when heated in a platinum vessel with strong H,SO^, evolve silicon 
tetrafluoride and hydrofluoric acid gases, 

K,Sir, + H,SO, = K,SO, + SiF^ + 2HF. 

SiF^ deposits white hydrated silica on a wet rod, and HF will etch glass. [See 
Fluorides.] 

Solutions of silicofluorides, or hydrofluosilicic acid, give with 

Barium cMoride, colourless crystalline ppt. of barium sUicofluoride, 

H,SiF, + BaCl, = BaSiF, + 2HC1. 

This ppt. is nearly insoluble in dilute HCl. 
Strontium chloride^ no ppt. 

Pota88iwm chloride^ gelatinous ppt. of potassium silicofluoride, 

H,SiF. + 2KC1 = K,SiF. + 2HC1. 



FLUORIDES 

{E,g. CaFg) Heated in a platinum vessel with concentrated H,SO^ evolve hydrofluoric 

acid, 

CaF, + H.SO, - CaSO, + 2HF. 

The evolved gas will corrode glass, owing to its action on silica, 

SiO.+ 4HF = SiF +2H0. 

• 4 8 

Heated with concentrated H,SO^ in presence of eiliixi or silicates, e.g. in a test-tube 
silicon tetrafluoride is evolved : 

2CaF, + 2H,S0, + SiO, = 2CaS0, + 2H,0 + SiF^. 

A wet rod held in this gas becomes coated with hydrated silica, 

3SiF, + 4H,0 = SiO, . 2H,0 + 2H,SiF.. 

white deposit 

Solutions of fluondes {e.g, NaF) give with 

Calcium chloride^ white gelatinous ppt. of calcium fluoride, 

2NaF + CaCl, = CaF, + 2NaCl. 

Sparingly soluble in HCl ; nearly insoluble in acetic acid. 



Barium chhride, white ppt. of barium fluoride BaF, 
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OXALATES. 

(-E,g, f>if^f\jr ') Heated with strong H^SO^, carbon monoxide and carbon dioxide are 
evolved, 

^^ + h;so, = K,so, + CO + CO. + h.o. 

The GO will bum with a blue flame, and the CO, may be detected by lime water. 
(See Carbonates.) 

Treated with H^SO^ and manganese dioxide, carbon dioxide alone is evolved, 

^Q^ + MnO, + 2H.S0, = K.SO, + MnSO, + 2H,0 + 2C0,. 

Solutions of oxalates give with 

Calcium chloride, white ppt. of calcium oxalate, 

COOK COO 

COOK "*" ^''^« "" COO ^* ^ ^^^^' 

soluble in HCl, but insoluble in acetic acid. This ppt is produced even in very 
dilute solutions. 



Barium chloride and Strontium ehioridet white ppts. of barium oxalate (CO,)fBa and strontium oxalate (003)381 
respectively. 

Silver nitrate, white ppt. of silver oxalate ^qoaS* soluble in dilute HNO,. 



PHOSPHATES. 

Orthophosphates. 

Heated with strong H^SO^, no result 

Solutions of orthophosphates (e,g, Na,HPO^) give with 

Calcium chloride, white ppt of calcium hydrogen phosphate, 

Na,HPO, + CaCl, = CaHPO, + 2Na01, 
soluble in HCl, HNO,, and acetic acid. 

[If ammonia is added, Oa,(POJ, is precipitated instead of CaHPO^.] 



4—2 
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QxthophosphateS (carUinued), 

Ferric chloride, yellowish-white ppt. of ferric phoephate, 

2Na,HP0, + Fe.Cl, = 2Fe(P0,) + 4NaCl + 2HC1, 

soluble in HCl or HNO,, insolable in cuxtic acid. [This precipitation, in case of 
acid phosphates as above, is therefore incomplete unless the HCl be neutralized 
or replaced by acetic acid.] 

Mctgnesium etUphcUe, in presence of ammonia and ammonium chloride (the latter, to 
prevent precipitation of Mg(OH), by the ammonia), white ppt. (crystalline in dilute 
solutions or on standing) of magnesium ammonium phosphate, 

Na,HPO, + MgSO, + NH, = Mg(NHJPO, + Na.SO,. 

SHver nitrate, yellow ppt of silver phosphate, 

Na^PO, + 3 AgNO, = Ag,PO, + 2NaN0, + HNO„ 

soluble in cicida and in ammonui, [The above precipitation is therefore incomplete 
unless the free HNO, be neutralized.] 

Ammonium molt/bdcUe, (NH^),MoO^ in presence of strong HNO,, on heating, canary 
yellow ppt. of ammonium phosphomolybdate. [Composition uncertain, approximately 

2(NHJ3P0,. 22MoO,. 12H,0.] 
The (NH^),MoO^ must be added considerably in excess of the phosphate taken. 



Free orthophosphoric add does not ooagnlate albomin. 

Barium, strontiom, lead» alnminiom, bismnth, &o. salts give white ppts. of their respeotive normal or acid 
phosphates. 

Metaphosphates. 

Solutions of metaphosphates (e.g, NaPO,) give with 

Silver nittate, white ppt. of silver metaphosphate AgPO,. 

Magnesium eulphate, in presence of NH, and NH^Cl, no ppt. 
The free acid (or a metaphosphate + acetic acid) coagulates albumin, 



Pyrophosphates. 

Solutions of pyrophosphates (e.g. Na^P,Oy) give with 

Silver nitrate, white ppt of silver pyrophosphate Ag^P.O,. 

Magnesium sulphate, white ppt of magnesium pyrophosphate Mg^P^O,, soluble in excess. 
The free add does not coagulate albumin. 
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ARSENATES. 

Solutions of arsenates {e,g, K^AsO^) give the same reactions as phosphates with Ferric 
chloiide, Magnesium sulphate, and Ammonium molybdate. Silver nitrate however gives, in 
neutral solution, a brick-red ppt. instead of yellow. 

Arsenates are also distinguished (and separated) from phosphates by hydrostdphuHc acid 
in presence of HCl, which gives first a white ppt. of sulphur, and afterwards a yellow ppt. 
of arsenious sulphide, on heating. [See Arsenic] 



BORATES. 

• {E.g. Na,B^Oy.) Mixed with strong H,SO^ and alcohol, the latter on being kindleil 
bums with a green-edged flame» 

Solutions of borates acidified with dilute HCl, colour turmeric paper orange or brown 
(in dilute solutions only on drying). This colour is changed to green or blackish by treatment 
with KHO. 

Solutions of borates give with calcium chloride^ barium chloride^ or eilver nitrate, white 
ppts. (such as 2CaO. H,0.3BjO,, BaBO,, AgBO,, but variable in composition according to 
relative proportions used, temperature, <bc.), readily soluble in dilute acids. 

Strong Hydrochloric acid gives white crystalline ppt. of boric acid, in concentrated 

solutions, 

Na,0 . 2B,0, + 2HC1 + 5H,0 ^ 2(B,0, . 3H,0) + 2NaOh 



SILICATES. 

Insoluble in water, except those of K and Na. 

Silica, or insoluble silicates, when fused with excess of KgCO, or Na^CO, in a platinum 
vessel, give silicates which are soluble in water, e.g. 

SiO, + K,00, = SiO, . K,0 -f CO.. 

These, when dissolved in water and poured into an excess of HOI, give a solution con- 
taining silicic acid, 

SiO.K.O + 2HC1 + H.0 = SiO. . 2H.0 + 2KC1. 



> — > 



A solution of silicic acid, or a solution of any soluble silicate in HOI, when evaporate<l 
to dryness, leaves a residue of SiO,, which is insoluble in all acids except HF. 

Silica or silicates treated with a fluoride {e,g. NH^F, or OaF,) and concentrated H SO 
give off gaseous silicon tetrafluoride, 

SiO, + 2H,S0, + 4NH^F = 2(NH^),S0^ + SiF^ + 2H,0. 

Solutions of silicates {e.g, K,SiO,) give white ppt. with calcium chloride, barium chloride, 
or silver nitrate, of variable composition ; easily decomposed by acids. 
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CABBONATES. 

{E.g. Na,CO,.) Treated with acida (either dilate or strong) CO, is evdredl, 

Na.CO, + 2Ha = 2Naa + H.O + CO,. 

This gas, when passed into lime water, gives white ppt. of caldum carbonate, 

CO, + Ca(HO), = CaCO, + H,0. 

Excess of CO, redissolves the ppt. 

CaCO, + H,0 + CO, = CaH,(CO,),. 

Solutions of carbonates- give with 

Calcium chloride^ white ppt. of calcinm carbonate, 

Na,CO, + CaCl, = CaCO, + 2NaCl, 
easily soluble in acids with effervescence. 
Salts of almost all other metals give precipitates of carbonates or basic carbonates. 



TARTRATES. 

Solid tartrates heated with concentrated H,SO^ blacken immediately, owing to separatio] 
of carbonaceous matter, and evolve CO and CO.. 

(COOK \ 

CHOH I 

~ CHOH I » ^^® ^^ 

COONa / 

Calcium chloridcy white ppt. of calcium tartrate, 

KNaT + CaCl, = CaT + KCl + NaCl, 

soluble in HCl, HNO,, and acetic acid. Soluble also in cold KHO (afte 
washing), repptd. by boiling. Neutral cuprio chloride converts it into in^ohM 
cupric tartrate. 

Potassium acetate, in presence of acetic acid, white crystalline ppt. of potassiiu] 
hydrogen tartrate, especially on shaking, 

Na,T + CH, . COOK + CH, . COOH = KHT + 2CH,C00Na, 

more complete in presence of alcohol Soluble in KHO, forming normal tartrat 
K,T. 

Silver nitrcUe, white ppt of silver tartrate, 

KNaf + AgNO, = Ag,T + KNO, + NaNO,, 
soluble in HNO, and in NH,. 
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Tartrates (caniintied). 

If dissolved in the least possible quantity of NH,, the solution on heating deposits a 
bright mirror of metallic silver on the side of the tube*. 

Potaaaium permanganate (one or two drops), in presence of caustic potash, is reduced 
on heating first to green manganate, 

K.O . Mn.O, + 2KH0 = 2(K,0 . MnO,) + H,0 + O, 

which is rapidly changed to a brown ppt. of hydrated manganese dioxide, 

K.OMnO, + 2H,0 = MnO, . H.O + 2KH0 + O, 

the tartrate being oxidized to formate carbonate, &c. 

If to a neutral or acid solution of a tartrate (or tartaric acid), a little ferrous mlphate 
be added, followed by a few drops of hydrogen dioande, and lastly excess of caustic potash^ 
a deep violet or blue colour is obtained. (Metals other than K, Na, and NH^, must be 
absent.) 



CITRATES. 

Solid citrates treated with concentrated H^SO^, evolve CO, and on heating blacken slowly, 
evolving CO,, acetone, Ac. 

Solutions of normal citrates, e.g. Na^Ci ( = C3H^(0H)(C00Na)J, give with 

Calciwn chloride^ white ppt. of calcium citrate, 

2Na,Ci -f 3CaCl, = Ca,Ci, + 6NaCl, 

soluble in dilute acids, and in neutral cupric chloride. Insoluble in cold KHO. 

N.6. Normal ammonium citrate gives no ppt till boiled. 

Barium acetate, white ppt of barium citrate Ba^jCig, especially in presence of alcohol 
and on long standing. (Tartaric acid must be first removed if present) 

Potassium permcmganatey in presence of excess of KHO, is reduced on heating to 
green manganate, but is not further reduced, except after continued boiling. 

Lime water added to free citric acid gives no ppt^ (or only slight turbidity) in 
the cold, but on boiling, white calcium citrate is pptd. 

Potassium acetate, no ppt AgNO,, white ppt. of Ag^Ci, which does not behave as with 
tartrate on dissolving in NH, and heating. 

FeSO^, H,0,, and KHO, as above, gives only a yellow or brown colour. 

* The safest method of trying the " mirror" test is as follows : Ist, add dilute NH, to AgNO, till the ppt. first 
formed is nearly redissolved. 2nd, make the solution to be tested neutral or faintly alkaline with EHO. Mix the 
two solutions and heat gently^ 
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CHLORIDES. 

{E,g» NaCL) Solid chlorides treated with concentrated H,SO^, evolve hydrochloric acid 
in the cold, 

NaCl + H,SO, = NaHSO, + HCl, 

colourless gas forming dense white fumes of NH^Cl on coming in contact with NH . 
Heated with mangcmeae dioxide and strong H^SO^, chlorine is evolved. 

2NaCl + 2H,S0, + MnO, = Na.SO, + MnSO, + 2H,0 + Cl„ 
yellowish-green gas, bleaches litmus, liberates I from KI. 

Distilled with dry potassium dichromate and concentrated H,SO^, chromyl dichloride 
(" chlorochromic acid") is obtained, 

4NaCl + K,Cr,0, + 3H,S0, = K,SO, + 2Na,S0, + 2CrO,Cl, + 3H,0, 

oi-ange red gas condensing to a deep red liquid ; decomposed on coming in contact with water 
giving chromic and hydrochloric acids, 

CrO.Cl, + 2H,0 = H,CrO^ + 2HC1. 

Solutions of chlorides give with 

Silver nitrate, white ppt. of silver chloride which coagulates on shaking. 

NaCl + AgNO, = AgCl + HNO„ 

insoluble in HNO,, soluble in NH,. Turns violet on exposure to siinlight. Not 
decomposed on heating. 



Lead acetate, white ppt. of lead chloride PbCl,. 
Mercurout nitrate, white ppt. of mercuroos chloride Hg^Cl,. 



H7P0GHL0BITES. 

{E.ff, NaClO.) Treated with HCl, chlorine is evolved in the cold, 

NaClO + HCl = NaCl + HCIO, 
and HCIO + HCl = H,0 + CI, . 

Solutions of hypochlorites bleach litmus, indigo, ink, &c. They give with 
Manganovs chloride^ brown ppt. of hydrated manganese dioxide, 

NaClO + MnCl, + 2NaOH = MnO,H,0 + 3NaCl. 
Metallic mercury, on shaking, yellow deposit of mercuric oxide, 

NaClO + Hg = NaCl + HgO. 

Free hypochlorous acid shaken with metallic mercury gives yellow mercuric oxychloride^ 
HgCl,. HgO; whereas free chlorine gives white mercurous chloride, Hg,Cl,. 
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CHLORATES. 

(^.^. KCIO,.) Treated with concentrated H,SO^, the liquid tarns jelk>w, and on heating, 
chlorine peroxide (yellow explosive gas) is evolved, 

3KC10, + 2H,S0, = KCIO, + 2KHS0, + H,0 + 2C10,. 

Heated with strong HCl, chlorine peroxide and chlorine are evolved, 

2KC10, + 4HC1 = 2KC1 + 2H,0 + 2C10, + CI,. 

Most chlorates, when heated alone to redness, evolve oxygen and leave a chloride, 

2KaO, = KCIO, + KCl + O,, 
and at higher temperature, KC10^ = EC1 + 20,. 

Solutions of chlorates acidulated with dilute H,SO^ bleach indigo only on IiecUing. If a 
few drops of stdphttraus acid be added, however, they do so tn ^ cold (the chlorate being 
reduced to chlorite or hypochlorite). 



IODIDES. 

(E,g, KI.) Treated with concentrated H,SO^, iodine is liberated as a brown or black 
ppt which, on heating, gives violet vapours, 

20 + 3H,S0, = 2KHS0, + SO, + 2H,0 + 1,. 
Free iodine colours starch-paste blue; the colour is temporarily destroyed by heat 

Solutions of iodides give with 

Silver rdtraUy pale yellow ppt. of silver iodide, 

KI + AgNO,= Agl + KN0„ 

practically insoluble in ammonia. Insoluble in dilute HNO,. Darkens on exposure 
to light. 

Chlorine vxUer^ or nitrotM acid, liberates iodine, 

KI + C1 = KC1 + I 
HI + HNO, = H,0 + NO + 1. 

If the mixture be shaken up with carbon disulphide, the iodine is dissolved out, 
giving a violet colour. 

Cuprie tuLpka/Uy dirty white ppt. of cuprous iodide, with liberation of iodine, 

4KI + 2CuS0, = OmJL, + 2K,S0, + I,. 

In presence of sulphurous acid no iodine is liberated, 

2KI + 2CuS0, + H,SO, + H,0 = Cu,I, + 2KHS0, + H^O,. 



Lead acetate^ yellow ppt. of lead iodide Pbl,, soluble in boiling water, exyBtallizing oat on cooling. 
Mercwrie eMoride, red ppt. of mexenrio iodide Hgl,, soluble in KI and in HgCl,. 
PaUadiym nitrate, blaok ppt. of Pdl,. 



F. 
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lODATES. 

(Kg, K,I,0^.) Boiled with strong HCl, chlorine is evolved, together with iodine tri- 

chloride, 

K,I,0, 4- 12HC1 = 2KC1 + 6H,0 + 2IC1, + 201,. 

Strong H,SO^ liberates iodic acid, but no free iodine. 

Solutions of iodates give with 

Potassium iodide^ in presence of a dilute acid (H,SO^, HCl, or CH3COOH), liberation 
of iodine, 

lOHI + H I O. = 6H .0 + 61.. 

a ■ O m a 

Silver nitrcUe, white ppt. of silver iodate, 

K^.O. + 2AgN0, = Ag.I,0, + 2KN0., 

sparingly soluble in cold dilute HNO,. Easily soluble in ammonia, from which 
solutioD, SO, precipitates Agl, insoluble in ammonia. 



Barium chloride, white oiystalline ppt. of barium iodate Balfi^ . H^O. 

Pyrogallol CqH,(OH),, brownish-red colour, sometixnes ppt. of puzporogallin C^^^gO^. 



BROMIDES. 

{E.g. KBr.) Heated with concentrated H,SO^, bromine is evolved, mixed with hjdro- 

bromic acid, 

KBr + H,SO^ = KHSO, + HBr 

2HBr + H,SO, = 2H,0 + SO, + Br, . 

Free bromine colours starch-paste yellow. 

Heated with concentrated H,SO^ and manganese dioxide, bromine alone is evolved, 

2KBr + 3H,S0, + MnO, = 2KHS0, + MnSO, + 2H,0 + Br,. 

Solutions of bromides give with 

Silver nit/rate^ yellowish-white ppt of silver bromide, 

KBr + AgNO, = AgBr + KN0„ 

sparingly soluble in ammonia. Insoluble in dilute HNO,. Darkens on exposure 
to sunlight 

Chlorine water liberates free bromine, 

KBr + Cl = KCl + Br. 

If the mixture be shaken up with carbon disulphide, the bromine is dlBSolved out^ 
giving a yellow or orange colour. 
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BBOMATES. 

(^.g. KBrO,.) Heated with acids, bromio acid, HBrO,, is liberated, which soon decomposes, 
giving off bromine and oxygen, 

2HBrO, = H,0+Br, + 0,. 
Solutions of bromates give with 

Silver nUraUf white ppt. of silver bromate, 

KBrO, + AgNO, = AgBrO, + KNO„ 
sparingly soluble in dilute HNO,. Soluble in ammonia. 

Potassiwn bromide^ in presence of cold dilute acid, liberation of bromine, 

HBrO, + 5HBr = 3H,0 + 3Br,. 



GYANmES. 

Treated with dilute HGl, many cy^inides {e.g, KCy, or ZnCyJ evolve hydrocyanic acid in 
the cold ; others (e,g, HgGy,, or AgOy) require strong HCl and heating. 

KCy + HCl = KCl + HCy. 

The evolved HCy may be absorbed by KHO (on a watch-glass or filter paper) and tested 
with iron salts as below; (or by (NH^)gSj, and tested for sulphocf/anate with HCl and Fe,Cl, — 
(NHJ,S, + HCy = NH.CyS + NH.HS). 

Heated with excess of concentrated H^SO^, carbon monoxide is evolved (in part), 

2KCN + 4H,S0, + 2H,0 = 2KHS0, + 2NH,HS0, + 2C0. 

Solutions, of cyanides (not mercuric cyanide) give with 

Silver nitrate, white ppt. of silver cyanide, 

KCy + AgNO, = AgCy + KNO,, 

insoluble in cold dilute HNO, ; easily soluble in ammonia, and in KCy. Not 
darkened by exposure to sunlight. On heating, it decomposes into metallic silver, 
cyanogen, and paracyanogen. 

On adding successively Ferrous sulphate^ Ferric chloride, and hydrochloric acid, a dark blue 
ppt., '^ Prussian blue," is obtained, 

6KCy + FeSO, = K.FeCy, + K,SO, 
3K,FeCy, + 2Fe,01. = Fe,(FeCy,),* + 12KC1. 

(If the solution contains free acid to start with, KHO must be added before applying 
the test The object of the HCl is to dissolve the hydrates of iron which may have been 
precipitated by alkali present.) 

* See Fezrio Salts. 
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GYANATES. 

(S,g. KCNO.) Treated with dilute acids, carbon dioxide is eTolyed, and an ammoninin 
salt formed, which may be identified as usual, 

KCNO + HCl = KCl + HCNO 
HCNO + H.O + HCl = NH.Cl + CO.. 

Traces of HCNO escape uodecomposed, giving a pungent odour. 

Solutions of cjanates treated with ammonium sulphate gire ammonium cyanate, bj double 
decomposition, which soon passes into urea, 

NH.CNO = CO(NHJ,. 

The solution maj be evaporated to dryness (on a water bath), the urea extracted with 
alcohc^, and identified as usual. 



Stiver nitraU gives white ppt. of silver cyanate AgCNO, easily soluble in ammoniik 
Decomposed by acids as above. 



FERB0G7ANIDES. 

{Kg, K,FeC.N. = K,FeCy. = K,FCy.) 

Heated with strong H^SO^, carbon monoxide is evolved 

K,FeC^. + 6H,S0, + 6H,0 = K.SO, + 3(NHJ^0, + FeSO, + 6CO. 

With dilute H,SO^, hydrocyanic acid is obtained, 

2K,FeCy. + 3H,S0, = K,Fe(FeCyJ + 3K,SO, + 6H0y. 

Solutions of ferrocyanides give with 

Silver mM-aU, white ppt of silver ferrocyanide, 

K,(FeCy.) + 4AgN0, = Ag,(FeCy J + 4KN0„ 
insoluble in dilute HNO, and in cold ammonia. 
Ferric chloride, dark blue ppt. of "Prussian blue." (See Ferric salts.) 

FerrwM eulphatej pale blue (white if quite pure) ppt. of potassium ferrous ferroc 

K.FeCy. + FeSO, = K.Fe'TeCy. + K,SO,. 

Cupric ndpluUe in excess, chocolate ppt. of cupric ferrocyanide, 

K.FeCy. + 2CuS0, = Cu,(FeCy.) + 2K.S0,. 

Oxidizing agents, such as K^Mn^O, or chlorine, convert ferrocyanideB into 
cyanides, 

1 OK.FeCy. + K,0 . 2MnO . O, + 8HJS0, = 5K.(Fe.Cy„) + 6K,S0, + 2MnS0, + 8H.O . 



THE MORE COMMON ACID RADICLES. 37 

FESBIGYANIDES. 

{E.g. K.Fe.C.^.. = K.Fe.Cy,. = K.(FdCy),.) 

Heated with concentrated H^O^, carbon monoxide is evolved (also CO,, 4c.) and ferric, 
potassium, and ammonium sulphates remain. 

Solutions of ferricyanides give with 

Silver mtrcUe, orange ppt. of silver f erricyanide, 

K.(Fe,Cy..) + 6AgN0. = Agj(Fe.Cy J + 6KN0,. 
insoluble in dilute HNO,, soluble in ammonia. 

Fwroui iulphaie^ dark blue ppt. of ferrous ferricjanide (t) " Tumbull's blue," 

K.(Fe.CyJ + 3FeS0, = Fe.(Fe.Cy„) + 3K^0,. 

PoUusiwn iodide (in presence of HCl) reduces fern- to ferro-qyanides wiUi liberation 
of iodine, 

K,Fe,Cy„ + 2KI = 2K,FeOy, + 1,. 
Ferric chloride, no ppt (brown solution, green if not quite pure). 



Copper tulphate, yellowiah-green ppt., Nickel iulphate, yeUowish-green ppt 
Cobalt nitraUt reddish-brown ppt of the zespeotiTe 



SULPH0C7AHATE8. 

{£»g. KCNS.) Heated with strong HOI or H^O^, carbon dioxide, hydrosulphuric acid, 
hydrocyanic acid, &c, are evolved, 

KONS + H^O, = KHSO, + H0N8 

3HCNS = H 0^,S, + HON 

(yeUow ppt.) 

HCNS + 2H,0 = CO, + H,8 + NH,. 

Solutions of sulphocyanates give with 

Ferric chlaride, blood-red colour due to ferric sulphocyanate Fe,(CN8),. The colour 
is bleached by mercuric chloride, but not by dilute HCl. 

Silver nitrcUe, white ppt of silver sulphocyanate, 

KCNS + AgNO, = AgCNS + KNO„ 

easily soluble in anmionia, insoluble in dilute HNO,. 



38 PRINOIPAL REACTIONS OF 

NITRATES. 

(E,g. KNO,.) Heated with concentrated H,SO^, nitric acid is evolved, 

KNO, + H,SO, = KHSO, + HNO,. 

Part of the HNO, usuallj splits up, giving yellow or brown vapours of lower nitrogen 

oxides, e,g, 

4HN0, = 2H,0 + 4N0, + O,. 

Heated with concentrated H,SO^ and metallic copper, brownish-red fumes of nit3X>gen 
peroxide are given off, 

2KNO3 + 3H,S0, + Cu -= 2KHS0, + CuSO, + 2H,0 + 2N0,. 

Solutions of nitrates 

Treated with excess oi ferrous sulphaU in the cold, and concentrated H^SO^ gradually 
{)Oured in down the side of the vessel, give a brown ring where the liquids meet, 

2KN0, + 6FeS0, + 4H,S0, = K,SO, + 3Fe,(S0,), + 4H,0 + 2N0 

and 4FeS0, + 2N0 = (4FeS0, . 2N0). 

* . ' 

brown compound 

Heated gently with amalgamated zinc they are reduced (in part at any rate) to nitrites, 

KNO, + Zn = KNO, + ZnO, 

which may be detected by the Kl + HCl test, &c. [See Nitrites.] 

Brucine in presence of concentrated H,SO^ gives a red colour. 

Mixed with dilute H,SO^, solutioDS of nitrates do not bleach indigo in the cold (even in 
presence of SO,), but do so on heating. 

*^ NascerU^^ hydrogen (from Zn + KHO, <bc.) converts them into ammonia. [See Nitrites.] 



NITRITES. 

(E,g, KNO,.) Treated with dilute acids, nitric oxide is evolved, 

KNO, + HCl = KCl + HNO, 
and 3HN0, = HNO, + 2N0 + H,0. 

The evolved gas unites with oxygen from the air, giving brownish-red fumes of N,0^ 
and N.O.. 



%^A' 



Solutions of nitrites give with 

Ferrous 8iUphate, even in neutral solution or in presence of diltUe acid, a brown colour, 
2KN0, + 2FeS0, + 2H,S0, = K,SO, + Fe,(SO,), + 2H,0 + 2N0 
and 4FeS0, + 2N0 « (4FeS0, . 2N0). 



THE MORE COMMON ACID RADICLES. 39 

Nitrites {continued), 

Potaawum iodide, in presence of dilute HCl or H,S04, liberation of iodine (detected 
by starch-paste or OS,), 

2KN0, + 2KI + 4H01 = 4K01 + 2H,0 + 2N0 + 1,. 

Urea, added to free nitrous acid (or a nitrite + dilute H,S04), gives off nitrogen and 
carbon dioxide, 

CO(NH,), + 2HN0, = CO, + 3H,0 + 2N, 
(complete on heating). 

^^NaecerU" hydrogen, e.g. from zinc (coated with copper) and caustic potash, evolves 
ammonia from either nitrates or nitrites, 

Zn + 2KH0 = ZnO . K,0 + H, 
and KNO, + 3H, = KHO + H.O + NH,. 



Meta-diamido-benzene CfiJ)^E^^ in presence of dilute HsS04, a yellow ooloor, even in very dilute Bolutions. 
Aniline sulphate -h^nie £[,804} gives on wanning an odour of phenol C^OH. 



ACETATES. 

{E.g. CH,.COONa.) Heated with concentrated H,SO^, acetic acid is given off (recog- 
nized by its odour) 

OH, . COONa + H,SO, = NaHSO, + OH, . COOH. 

Heated with concentrated H,S04 ^^^ alcohol (one or two drops) the characteristic odour 
of ethyl acetate is produced, 

CH, . COOH + (C,H.)OH = CH, . COO(C,H,) + H,0. 

Heated to redness with arsenious anhydride, characteristic (poisonous) odour of cacodyl 
A8,(CH,)4 is produced. 

Neutral solutions of acetates give with 

Ferric chloride, a red colour, due to ferric acetate (CH,. CO,),Fe,. On boiling the 
solution^ a brown ppt. is produced of basic ferric acetate (CH,.00,)^Fe,.nFe,Oj,. 
The red colour is bleached by HCl but not by HgCl,. 



ANALYTICAL TABLES. 
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PRELIMINARY EXAMINATION OF SOLID 



IN THE DRY WAY. 
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TO DISSOLVE A SUBSTANCE FOR ANALYSIS. 



Boil the finely powdered substance with (1) water, (2) hydrochlorio aeid, (3) 
acid, (trying both dilute and strong acids), (4) aqua r^;ia; pouring off the preyions solTeiit 
in each case. If a part only dissolves, the solution may be examined separately*. 

If all the above reagents fail to dissolve the substance f, fuse it (or that portion which 
is insoluble) with about 5 times its weight of pure dry sodium carbonate}, extract the 
fused mass with boiling water§. 

Filter 



Kesidur 

Wash; dissolve in hot dilute HCl (or in 
presence of Ag and Pb, HNO,) and test for 
metals (and silica) as usual ||. 

An insoluble residue is probably due to in- 
sufficient fusion. 



SOLXTTION 

Examine a portion for acids in the uaoal war 
after acidifying with dilute HNO,. 

Acidify the remainder with HOI and teet as 
usual for silica and metals (Al, Or, Mn^ Zw^ 
As, Sn). 



Since cyanides, ferrocyanides, cobaltioyanides, iui, often greatly interfere with the oidinaij 
processes of analysis, it is best to destroy them, if present^ before proceeding. 

This may be done by evaporating to dryness with strong sulphuric add, and heatings 
whereby the metals, including those in the acid cyanogen radicle, are obtained as sulphates. 

In some cases silver nitrate in excess may be used, followed by excess of nitric acid. 
In this way the cyanides, &c are obtained as silver salts, and the metals remain in solatkm 
as nitrates. 



The solution for analysis is assumed to be neutral or slightly acid. If strongly acid it 
must be diluted largely, or nearly neutralized with Na,GO,. If (MaKne it should be just 
acidified with dilute HNO,, any precipitate produced being filtered off and examined separately. 
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* II the inbstanoe Ib a metal or allay, heat it with strong nitric acid (adding water if necesBary)^ evaporate 
to remove excess of acid, add water and filter. 

BssiDUB Solution 

Ck>ntainB antimony and tin [as hydrated SnO, and Sb^O,, or as arsenates; j Examine for metals as usual, 
also possibly Bi as arsenate or phosphate; An and Pt]. ' except for Sn, Sb (An, Pt). 

Digest with zinc and dilate HCL Test evolved gas for AsH, by the AgNO, 
reaction. Besidae on the zinc consists of metallic Sb and Sn (Bi, An, Pt)» 

Boil for some time with strong HCl. 



Bbsidub Sb (Bi, An, Pt). 

Digest with yellow anmioniom sol- 
phide. Sb dissolves as snlphosalt. 
Evaporate solution just to dryness. 
Orange red residue ANTIMOKT. 



Solution 

Contains Sn as stannous chloride. 
Add mercuric chloride. 
White ppt. (which usually turns grey 
on heating) TIN. 



t The only common substances likely to remain insoluble in water and acids are: — SiO, and silicates. 
Sulphates of Ba, Sr, Pb (Ca). Fluoride of Ga, <lto. Chrome iron ore. SnO,. Sb,04 and Sb^Og. AgCl (and 
some other Ag salts which are converted into AgCl). Ignited Sesquioxides of Fe, ii, Cr (in part). Ignited 
lead ohromate. Some metaphosphates, arsenates, ^. Carbon^ Sulphur. These are all more or less decom- 
posed, or rendered soluble, by fusion with Na,CO|. Chrome iron ore is best decomposed by fusion with 
about 8 parts of Ka,CO, and 2 of powdered fused borax (or with a mixture of 2NaF+NaHS04). Tin and 
antimony oxides may also be decomposed by fusion with ECy^ whereby they are obtained as metals. 

X A platinum crudble or foil may be used in absence of easily reducible metals (generally indicated in 
preliminary examination) such as Pb or Ag. If they are present, porcelain must be employed (in which 
case small quantities of Al, Si, Ao, will be introduced), or else they must be first removed. PbSO^ may 
be dissolved out with ammonium acetate and ammonia; AgCl with potassium cyanide. 

§ The action of sodium carbonate here is, generally speaking, to give an insoluble carbonate or oxide 
of the metal, and a soluble sodium salt of the acid — e.g, 

Na,CO, + BaS04r= BaCO, + NajS04 . Na,CO, + CaF, = CaCO, + 2NaF» 

H In ease of silicates, potassium and sodium must be looked for in a separate portion of the original 
substance. This may be done as follows — Heat the finely powdered substance with ammonium or calcium 
fluoride (pure) and strong H2SO4 (in a platinum vessel). In this way the silicon is removed as gaseous tetrafluoride, 

4NH4F + SiO, + 2HjS04=2(NH4)^04 + 2H,0 + SiF4, 

and the metals remain as sulphates. Extract with water and test solution for E and Na in the ordinary 
wi^ (after removing previous groups, if present, as usual). 
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EXPLANATION OP GENERAL TABLE. 



Hydrochloric acid precipitates silver, lead (in part) and mercury (mercorous) as chlorides, 
AgOl, PbCl, and Hg^Cl,, thus separating them from all the other common metals, whose 
chlorides are soluble. (Bismuth and Antimony as often precipitated here as oxychlorides 
BiOCl and SbOCl) but the ppt at once dissolves in more HCL Strong HCl precipitates 
barium salts, these being insoluble in strong acids. Cold water at once dissolves the ppt. 



These chlorides having been filtered off, Hydrosulphuric acid precipitates mercury (mercuric), 
lead, bismuth, copper, cadmium, arsenic, antimony and tin, as sulphides, HgS, PbS, Bi^S,, 
CuS, CdS, As,S,, Sb^S, or Sb,S„ SnS or SnS„ these being insoluble in dilute HCL 

Arsenic compounds are first I'educed to the arseniou^ state with separation of sulphur, e,g» 

As.O. + 2H,S = As.O, + 2H,0 + S,. 

This operation is very slow, requiring continued boiling, and repeated saturations with 
H^, hence arsenic in this state is often overlooked. [Some prefer to reduce the arsenic to 
the anienious state by boiling with SO, before passing H,S, but this process is liable to lead 
to complications, such as precipitation of Ba, Pb, dtc* as sulphates.] 

A precipitate of sulphur on passing H^ indicates the presence of an " oxidizing" agent, 
such as free chlorine, hypochlorites, chromic arsenic or strong nitric acids, ferric salts, kc, e.g, 

H,S + C1, = 2HC1 + S. 

pptd. 

The ppt. produced by H^S is well washed, in order to remove the salts which are 
still in solution, and free HCl, and digested with yellow ammonium sulphide*. 

This converts the sulphides of arsenic, antimony, and tin, into soluble sulpho-salts, such 
«a (NHJ,AflS„ (NHJjSbS, and (NHJ.SnS,. For instance, 

3(NHJ,S + A8,S, = 2(NH ^.AsS, . 
The remaining sulphides are left undissolved, and are separated by filtration. 



The filtrate from the H^S precipitate is tested with more H^S to ascertain whether 
tke prerious group is entirely precipitated. If this is the case, the excess of H,S is 
iremoved by boiling, and a few drops of nitric acid added, in order to convert any ferrous 

* The yellow ** ammonium snlphide" used in laboratories is a mixture consisting chiefly of polysnlphideB 
of ammonium (such as (SR^^ and ammoniam thiosalphate (NHJ^SjO,. 
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EXPLANATION OF GENERAL TABLE (earUinued). 

salt which may be present into the ferric state (since ferrous salts are only partially pre- 
cipitated by ammonia). Thus 

6Pe01, + 2HN0, + 6HC1 = 3Pe,01, + 4H,0 + 2N0. 

The brown colour which is usually observed being due to a compound of NO with unaltered 
ferrous salt. 

Ammonium chloride and ammonia are now added (NH^Ol has the property of forming 
double chlorides with the chlorides of magnesium, manganese, Sec which are not precipitated 
by NH,, and are thus kept out of this group. It also renders the precipitation of aluminium 
hydrate by ammonia more complete.) 

Ammonia precipitates iron, chromium and aluminium fix>m most of their combinations, 
as hydrates, such as Fe,(HO)„ Cr,(HO), and A1,(H0)„ e,g. 

Al,a, + 6NH, + 6H,0 = A1,(0H), + 6NH,C1, 

and by neutralizing the acid in which they are dissolved, precipitates many salts which are 
insoluble in water, i.e. phosphates of Fe, Or, Al, Oa, Ba, Sr, Mg; oxalates (fluorides, borates, 
silicates, &c in part) of Oa, Ba, Sr. 

(Ferric and aluminium phosphates are very imperfectly precipitated in presence of much 
alkaline phosphate, and may therefore occur in the next groups.) 

In addition to the above, ammonia partially precipitates phosphates of Zn, Mn, Ni, Co. 
If these are present in any quantity, it is necessary to decompose them by digesting the 
precipitate with ammonium sulphide, which converts them' into sulphides, e,ff, 

Zn,(PO J, + 3(NH J,S = 2(NHJ,P0, + 3ZnS. 

The solution is tested for phosphoric acid with magnesia mixture, which, if found, 
indicates phosphates of Zn, Mn, Ni, Co, or Fe. The residue containing the sulphides of 
these metals, is dissolved in acids, and treated exactly as before with NH^Cl, NH,, d^s. 
The precipitate thus obtained is free from Zn, Mn, Ni, and Co. The filtrate from it may 
be examined separately for these metals. If present they probably existed as phosphates. 

The separation of groups 3 and 4 by ammonium chloride and ammonia is very im- 
perfect, manganese and zinc especially being carried down with the 3rd group. It is therefore 
necessary, in cases of accuracy, to repeatedly redissolve the ppt. in HCl, and repredpitate 
it with NH.Cl and NH,. 

A more complete separation of Fe'", Or, Al, from Zn, Mn, Ni, Co, is effected by means 
of barium carbonate, which ppts. only Fe, Or, Al. This process, although it takes con- 
siderable time, is advisable in cases where accuracy is required, especially if traces of zinc 
have to be searched for. 
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EXPLANATION OF GENERAL TABLE (continued). 

To the filtrate from the ammonia precipitate, ammonium sulphide is added. This throws 
down zinc, manganese, nickel and cobalt as sulphides, ZnS, MnS, NiS, CoS, these being 
insoluble in alkaline solution. Excess of ammonium sulphide dissolves nickel sulphide to a 
considerable extent, forming a black solution, and must therefore be avoided. Li some cases 
(as when nickel sulphide has been thus dissolved) it is advisable to destroy the excess of 
ammonium sulphide with a dilute acid before proceeding, 

(NHJ.S, + 2HC1 = 2(NHJ0l + HJS + S. 

pptd. 



The filtrate from the ammoniimi sulphide precipitate contains only Ba, Sr, Ca, Mg, 
and alkali metals. Ammonium carbonate is added, and the solution heated. This precipi- 
tates barium, strontium and calcium carbonates, BaCO,, SrCO,, CaCO,. The liquid must 
not be boiled, since the reaction then tends to reverse, e.g. 

CaCO, + 2NHp = (NHJ^CO, + CaCl,. 



The filtrate, containing only Mg and alkalies, is examined by Table YI. 



F. 



TABLE I. 



Ag. Pb, Hgf. 



8—2 
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TABLE I. 



Ag, Pb, Hg^. 



Wash ppt. with cold water, then boil it for some time with a considerable quantity of hot 
water. 

Filter 



Residue 
Digest with ammonia. Filter. 



Kbsidce (black) 
MEROXJRY. 

Confirm by drying ppt. at 
gentle heat, mixing with dry 
Na,CO, and heating in a bulb- 
tube. 

Grey ring united into globules 
by rubbing with a rod. 



Solution 

Acidify with HNO3, white 
ppt. turning violet on exposure 
to sunlight. 

SILVER 



Solution 

Add potassium chromate. 
Yellow ppt insoluble in ace- 
tic acid. 

LEAD. 



The precipitate produced by hydrochloric acid contains silver, lead, and mercurous chlorides 
AgCl, PbCl,, Hg.Cl,. 

The separation of these is based upon the fact that 

(1) tbCl, is soluble in boiling water, AgOl and Hg^Cl, insoluble. 

(2) AgOl is soluble in ammonia, Hg^Cl, insoluble. 

The PbCl, is first extracted with boiling water, and confirmatory tests for lead applied 
to the solution so obtained. 

The AgCl is extracted from the residue by ammonia, from which it is reprecipitated 
unchanged by nitiic acid (the latter merely neuti*alizing the ammonia). 

HgjCl, is converted by ammonia into a black substance (NHg'jHg)Cl (chloride of dimer- 
curous-ammonium) which remains undissolved, and is confirmed by the dry test for mercury. 



TABLE II. A. 



Hg", Pb, Bi, Cu, Cd. 
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EXPLANATION OF TABLE IL a. 

The residue insoluble in ammonium sulphide contains mercury, lead, bismuth, copper, 
and cadmium, as sulphides. 

Their separation is effected upon the following principles : 

(1) HgS is insoluble in dilute nitric acid*. The remainder dissolve) forming nitrates 
with separation of sulphur, e.g, 

3PbS + 8HN0, = 3Pb(N0,), + 2N0 + S, + iH.O. 

(2) Dilute sulphuric acid precipitates lead as sulphate PbSO^ (more completely in 
presence of alcohol), leaving the remainder in solution. 

(3) Ammonia throws down bismuth as hydrate, Bi(OH)„ and gives a characteristic 
blue colour to the solution if copper is present (due to a compound of cuprammonic hydrate 
N,H^Cu"(OH)j). The copper may be further confirmed by the ferrocyanide test. 

Bismuth hydrate dissolves in hydrochloric acid, forming the chloride BiOl,, which is con- 
verted by water into the insoluble oxychloride BiOCl — 

BiCl, + H,0 = BiOCl + HCl. 

An excess of hydrochloiic acid must be avoided in dissolving the bismuth hydrate, since 
it prevents the formation of the oxychloride* 

If copper is present potassium cyanide is added, which forms with it a colourless double 
cyanide Cu,Cy, . 2KCy. Hydrosulphuric acid does not precipitate copper from this compound, 
whilst it throws down cadmium as yellow sulphide CdS» 

Copper may also be separated from cadmium by precipitating the two together as 
sulphides, and boiling the precipitate with dilute H^SO^* CdS dissolves. CuS remains 
iiisoluble. 



* Some prefer to use strong nitric acid, in which case the lead is converted into sulphate, and remains 
in the residue with HgS, the latter being often converted into a white substance Hg(NO,), . 2HgS. They may 
be then separated by ammonium acetate, which dissolves only lead sulphate. 



TABLE II. B. Method 1. 



As, Sn, Sb. 



F. 
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TABLE II. B. Method I. 



Acidify with dil. HOI. Filter. Neglect filtrate. (K ppt is nearly white and does not settle, it 
is probably only sulphur, and may be neglected.) 

Wash ppt. and digest it for some time with warm ammonium carbonate*. 

Filter 



Solution 

Acidify with HCl. 
Yellow ppt. — probably 

ARSENIOt. 
Confirm by dissolving ppt in 
HCl with a drop of HNO, and 
trjring Marsh's testX. 

[Some Tin may also be pre- 
sent in this ppt. To confirm it, 
roast ppt. in open vessel, and 
fuse residue with KCy. Metallic 
Sn remains, which when dis- 
solved in HCl gives white ppt 
withHgCl,.] 



Kesidub 



Heat ppt. with strong HCl. 
is only S and traces of As,S^) 
Divide solution into two parts. 



Filter if necessary. (Residue 
Heat gently to remove H^S. 



1. 
Test for Sn. 

Add a smcUl piece of zinc. 
Allow to stand. Pour off clear 
solution. Dissolve residue in 
strong hot HCl. Add HgCl,. 
White ppt often turning grey. 

TINt. 



2. 

Test for Sb. 

Pour the solution on to a 
piece of zinc on platinum foil. 
Black stain on the platinum. 

ANTIMONYt. 

Confirm by dissolving stain 
off in ammonium sulphide, and 
gently evaporating the solution. 

Orange residue if Sb is pre- 
sent 



* Preferably xet^tii-carbonaie, satvated in the odd. Instead of ammonimn oarbooate, strong boiling HCl may 
be used, in which case Sn and Sb dissolve as chlorides, while Ab,S, remains insoluble, 
t Ascertain, if possible, whether -out or -ie (or both) in original eolation, 
t Or by heating in a bolb-tube with dry Na,GO„ and ohaiooal or KCj. 
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EXPLANATION OF TABLE IL b. 

Method I. 

The solution after digestion of the mixed sulphides with yeUow ammonium sulphide oontainfi 
arsenic, antimony, and tin, as sulpho-8alt& 

These are decomposed by dilute HCl, the insoluble sulphides being reprecipitated, e,g, • 

3 (NH J, S . As,S, + 6HC1 = As.S, + 6NH,01 + 3H,S. 

soluble ftmrnoniom insoluble 

Bnlpbarsemte arsenious sulphide 

Tin will always be reprecipitated as yellow stannic sulphide, since stannous sulphide is 
converted into stannic by the excess of sulphur in the yellow ammonium sulphide. 

[A white ppt. is merely sulphur from the yellow ammonium sulphide, 

(NH J,S, + 2HC1 = 2NH,C1 + H,8 + &] 

The ppt. (As,8„ Sb,8, (or Sb.SJ, SnS, and free S) is washed till free from HCl, and digested 
with warm ammonium carbonate. 

As,S, dissolves ; the reaction may be approximately represented thus — 

4 As,S, + 4 (NH,).CO, = (NHJ.O . As.O, + 3 {(NHJ.S . As.S,} + 400,. 

soluble soluble 

arsenite salpharsenite 

Sb S, (and Sb,S^) are practically insoluble, and SnS, very slightly soluble. 

The solution of arsenite and sulpharsenite is acidified with HOI, which precipitates all the 
arsenic as As,S,. 

(NHJ.O . As.O, + 3{(NHJ,S . As.S,} + 8H01 = 4As,S, + 8NH,Cl + 4H,0. 

Arsenic is confirmed in this precipitate, by dissolving in acids, and trying Marsh's test ; or 
else in the dry way. 

The residue insoluble in ammonium carbonate, containing the antimony and tin, is dissolved 
in strong hot HCl. SnS, dissolves, forming SnOl^; Sb,S, and Sb,S, both form SbCl, (the 
latter with separation of S) ; H,S being evolved. 

Sulphur and traces of A8,S, remain undissolved. 
The HCl solution is divided into two parts. 

One is examined for tin, by adding zinc. This precipitates tin as metal, 

SnCl, + Zn, = Sn + 2ZnCi,. 

The deposited tin is dissolved in HCl, which converts it into stannous chloride SnOl,, 
and mercuric chloride added. This is reduced first to white mercurous chloride, and afterwards, 
if sufficient stannous salt be present, to grey metallic mercury. 

2HgCl, + SnCl, = Hg,01, + SnCl, 
and Hg,01, + SnCl, = Hg, + SnOl, . 

The other part is examined for antimony by causing the solution to act upon zinc in 
contact with platinum foil. Antimony is deposited as metal on the platinuuL On digesting 
with yellow ammonium sulphide, antimony dissolves as a sulpho-salt, and on evaporation of 
the solution, orange antimony sulphide remains. 

9—2 



TABLE II. B. Method 2. 



ASy Sn, Sb. 
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TABLE II. B. Method 2. 



Acidify with HOI (diL) Filter. N^lect filtrate. (If ppt is nearly white, and does 
not settle, it is probably only sulphur, and may be neglected.) 

Wash ppt. and dissolve it in strong HOI (with a drop of HNO,, or a crystal of KOlO,, 
if necessary). Heat gently to expel chlorine, &c Reserve a portion. Introduce remainder 
into a vessel in which hydrogen is being generated by the action of Zn and dil. H^O^. 

Pass the evolved gases through a wash-bottle containing solution of lead acetate, and 
then into a strong solution of silver nitrate. A black ppt indicates As or Sb. 

Fl£TBB 



Solution 

Add a few drops of AgNO, 
and then dilute ammonia, drop 
by drop. Yellow ppt where 
the liquids meet, 

ARSENIC. 



Ppt. 
Wash well. Digest with hot tartaric acid on the filter. 



Solution 

Add Ha dil. and pass H,S. 
Orange ppt 

ANTIMONY. 



Residue u^lect 



Examine the other portion of the solution for tin, by adding a small piece of zinc, 
and allowing to stand. Pour off clear solution. Boil residue with strong HOL Add HgCl,. 
White ppt often turning grey, TIN. 
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EXPLANATION OP TABLE II. b. Method 2. 



Thifl method is based upoD the fact that compounds of arsenic and antimony when 
brought in contact with zinc and dilute acid, (HCl or H^SOJ evolve gaseous arsenic and 
antimony trihydrides, AsH, and SbH,. (A portion of the As and Sb being usually precipi- 
tated on the Zn.) 

The gases are purified from any H,S which may be present by passing through a 
solution of lead acetate, and then led into a solution of silver nitrate. This decomposes 
them as follows : — 

AsH, + 6AgN0, + 3H,0 = 3Ag, + H,AsO, + 6HN0, 

Black ppt. ' : * ' 

in solution 

SbH, + 3AgN0, = SbAg, + 3HN0,. 

Black ppt 

The solution therefore contains arsenious acid, nitric acid, and excess of silver nitrate. 
On carefully neutralizing with ammonia, yellow silver arsenite Ag,AsO, is precipitated. (This 
ppt. being soluble either in HNO, or NH,, exact neutralization is necessary.) 

The residue on the filter consists of metallic silver, and silver stibide Ag^Sb. Tartaric 
acid dissolves Sb leaving Ag, and on passing H^ into the solution, Sb,S, is obtained as 
an orange precipitate. The Tin is found as in Method L 



TABLE III. 



Fe, Cr, AI, Ac. 



r. 
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EXPLANATION OF TABLE III. 

Sinoe the presence of phosphates renders the analysis of this group more complex, it 
is advisable to test a portion of the precipitate at once for phosphoric acid. This is done 
by dissolving in nitric acid (since hydrochloric acid impairs the delicacy of the reaction), 
adding ammonium molybdate, and heating, which gives a yellow precipitate of ^'phospho- 
molybdate of ammonium" (composition doubtful). It is necessary to employ a large excess of 
the molybdate, since excess of phosphoric acid prevents the formation of the precipitate. 

Fusion of the precipitate, in presence of air or some oxidizing agent such as KNO., 
with sodium carbonate, converts lower oxides of chromium and manganese into a chromate 
and manganate respectively, e,g, 

Cr.O, + 2Na,C0. + 0, = 2Na,CrO, + 2C0, 

yellow mass 

and MnO + Na,CO, + O, = Na.MnO^ + CO, . 

blae-green mass 

The fused mass is extracted with water. (If much manganate is present, a drop of 
alcohol may be added, which will precipitate the manganese as Mn,0, (hydrated), leaving 
the chromate in solution.) Acetic acid is added to remove the excess of alkali, and lead 
acetate to precipitate the chromate as yellow PbCrO^. 

The remainder of the precipitate is dissolved in hydrochloric acid. The phosphates, 
oxalates, &c. dissolve potentially as such, whilst the hydrates are converted into chlorides. 
A portion of the solution is tested for iron by potassium ferrocyanide, (which gives ''Prussian 
blue" Fe^(FeCyJ, (?) if iron is present,) and caustic potash added in excess to the remainder. 
This reprecipitates the whole group substantially in the same condition as before, but redissolves 
aluminium hydrate and phosphate (the former as potassium aluminate AI,(OK)J. Chromium 
hydrate and phosphate also redissolve in excess of cold KHO, but are reprecipitated by 
continued boiling. If much chromium has been indicated however, it is best to convert it 
entirely into the hexad (or chromic acid) form before proceeding, by fusion with Na,CO,, &c. 
as above. In this condition it will remain in solution and will not interfere with the other 
reactions. 

The filtered solution, after boiling with potash, is boiled with ammonium chloride. This 
decomposes the KHO as follows : 

KHO + NH.Cl = KCl + H.O + NH,. 

Aluminium hydrate and phosphate are consequently reprecipitated. 

Boiling with KHO usually decomposes ferric phosphate, in part at any rate. Thus 

2FeP0, + 6KH0 = Fe,(OH). + 2K,P0^. 

If therefore, after the separation of aluminium, much phosphoric acid is found in solution 
ferric phosphate was probably present. 

The precipitate produced by caustic potash is dissolved again in hydrochloric acid and 
excess of sodium acetate added. This has the effect of replacing free hydrochloric acid by 
free acetic acid : — 



HCl + CH, . COONa = NaCl + CH,COOH. 



10—2 
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EXPLANATION OF TABLE IH. {eonUnued). 

Calcium oxalate and fluoride, ferric and chromic phospliates, are soluble in hydrochloric 
acid, but insoluble in acetic acid, and are therefore precipitated [Oxalates are confirmed 
bj heating the precipitate which converts them into carbonates. Fluorides by heating with 
H,SO^, whereby HF is evolyed, and ferric and chromic phosphates by dissolving the ppt. 
in acids and testing as above for Fe, Or and PO^.] 

Phosphates of Oa, Ba, Sr and Mg, however, are soluble both in hydrochloric acid and 
in acetic acid, and therefore remain in solution. The addition of ferric chloride decomposes 
them as follows : 

Ca,(PO^), + Fe.Cl, = 2FeP0^ + 30aCl,. 

If a reddish white ppt. is obtained on the addition of the first few drops of Fe,Cl, 
therefore, it proves that phosphate of Ca, Ba, Sr, or Mg, was present. [It is necessary 
to proceed, even if no ppt is obtained with Fe^Cl^, since phosphates of Ca &c. may have 
been already decomposed by Fe, leaving them as chlorides (see note (U) General Table).] 
In this case Fe^Cl^ must be added until the solution is red, shewing that the decomposition 
of Ca Ac. phosphates is complete. The phosphoric acid is thus entirely got rid of, leaving 
the Ca, Ba, Sr, Mg, as chlorides, in which form they can be identified as usual* 



TABLE IV. 



Ni, Co, Zn, Mn. 
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EXPLANATION OF TABLE IV. 

Zinc and manganese sulphides dissolve readily in cold dilute hydrochlorio acid (forming 
chlorides ZnCl, and MnOl,, with evolution of H,S); whilst nickel and cobalt sulphides are 
only dissolved in traces which do not interfere with the detection of nnc and manganese. 

The residue consisting of NiS and CoS is examined with the borax bead. If only nickel 
is indicated, it is not usnaUy neoessary to examine further, but if cobalt is found, the 
process of separation of nickel and cobalt must be gone through, since the blue given to 
the borax bead by cobalt may completely mask the nickel colour. It is safer however always 
to go through the entire process in either case, especially if small quantities have to be 
looked for. 

In order to separate nickel and cobalt, the sulphides are dissolved in aqua regia, whereby 
they are converted into chlorides NiOl, and CoGl,. The solution is nearly neutralized to 
remove the excess of free acid, and potassium cyanide added, which precipitates the single 
cyanides NiCy, and CoGy,. These dissolve in excess of potassium cyanide, forming soluble 
double cyanides NiCy, . 2KCy, and CoCy, . ?KOy. 

On boiling the solution in presence of air, the latter reacts with the excess of KCy 
which is present, and oxygen, thus 

2(CoCy,2KCy) + 4KCy + H,0 + O = K.Co.Cy^, + 2KH0, 

[or if free add be present, 

2(CoCy, . 2KCy) + 2KCy + 2HCy + O = K.Co.Cy,, + H,0], 

NiCy,2KCy remaining unaltered. 

E,Co,Cy,, is tolerably stable, and is not acted upon by mercuric oxide (or oxycyanide*), 
or by sodium hypochlorite at a gentle heat ; whereas NiCy, . 2ECy is readily decomposed 
by these reagents as follows : 

NiCy, + HgO . HgCy, + H.O = Ni(OH), + 2HgCy„ 

Pale green ppt. 

2NiCy, + NaaO + 5H.0 = Ni.(OH), + NaCl + 4HCy. 

Black ppt. 

The solution is examined for cobalt by evaporating to dryness and testing with the 
borax bead [or by neutralizing with dilute HNO, and adding mercurous nitrate, whereby 
white Hg^Co,Cy,j is precipitated. This on ignition leaves black CO3O4]. 



* It is preferable to use mercniio oxide dissolved in mercnrio cyanide (i.e. meronric oxjoyanide) since 
it can be added as a ioluHon. If meroario oxide alone be used, the excess <k HgO masks the precipitate 
of Ni(OH),.NiCys ^hich is then produced. 
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EXPLANATION OF TABLE IV. (caniinued). 

To the solution containing ZnCl, and MnCl,, caustic potash is added. This throws down 
Zn(OH), and Mn(OH), as white precipitates'*'. Zn(OH), is soluble in excess of cold KHO, 
forming ZnK^O, (Potassium zincate), Mn(OH), remaining insoluble. [If the solution be 
heated, Zn(OH), will often not redissolve in KHO, especiallj if dilute.] 

H,S passed into the solution precipitates white zinc sulphide, 

K,ZnO. + 3H,S = ZnS + 2KHS + 2H,0. 

(This precipitate is often discoloured owing to traces of impurity.) 

The precipitate produced by KHO which does not redissolve in excess is examined 

for manganese by fusing with sodium carbonate in presence of air (or some oxidizing agent 

as KNO.), 

Mn(OH), + Na,CO, + O, = Na,MnO, + H,0 + CO. . 

Blue green mass 



Manganese may also be separated from nickel, cobalt^ and zinc, by passing hydrosulphuric 
acid into an (teeiic acid solution (containing no other free acid); NiS, GoS, and ZnS, being 
insoluble in acetic acid, are precipitated, whilst Mn remains in solution. 

Nickel may be separated from cobalt by several other methods; for instance: — 

By means of potassium niirite and acetic acid in a neutral solution, which precipi- 
taies all the cobalt, after a time, as yellow K^Co,(NO^„ . 3H,0, nickel remaining 
in solution. 



Or by precipitating the metals as ferrieyamdes (in presence of ammonium chloride), 
and digesting the precipitate with ammonia. Nickel ferxicyanide dissolves, cobalt 
fenrioyanide remains. 



* The while lin(OH), n^idly iaiiis brown owing lo shsoxp&aa of osyBoa and fotmatioii of lli%0,. H,0. 



TABLE V. 



Ba, Sr, Ca. 



11 
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TABLE V. 

BaCO,, SrCO,, CaCO,. 

Dissolve the main portion of the ppt. in the least possible quantity of dilute HOI*. 

Test a part of the solution for Ba and Sr by adding CaSO^ and heating. 

rimmediate ppt = Ba, 
Ippt. after a time = Sr. 

If no ppt even on standing, test remainder of solution at once for Ca as below t. 

If Ba or Sr a/re presenty evaporate remainder of solution to small bulk, add 
H^SiF^ in excess, and an equal volume of alcohol. 



Filter 



Ppt. 
BARIUM. 

Confirm by dissolving another portion of 
the (NH^),CO, ppt. in acetic acid, and adding 
potassium chromate. 

Yellow ppt = Ba. 
Dissolve ppt in HCl and try flame-test. 



Solution 

To a portion add CaSO^, heat, and allow to 
stand. White ppt after a time STRONTIUM. 

If Strontium is present, add dilute H^SO^ to 
remainder of solution, boil, and allow to stand 
some time. 

Filter 

« , 

Solution t 

Add KE[, till alkaline, and am- 
monium oxalate. White ppt. 

OALOIUM. 

Dissolve ppt in HOI and try 
flame-test 




* In most cases infonnation can be obtained by trying the flame-test with a portion of this solution. 
Ba gives a green flame, Sr crimson, Ga orange-red. 
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EXPLANATION OF TABLE V. 

On difisolving the precipitate of barium, strontium, and calcium carbonates in hydrochloric 
add, the chlorides, BaCl,, SrCl,, and CaCl, are obtained, CO, being erolved. DiltUe HCl 
must be used, since barium salts are insoluble in strong mineral acids. 

Oalcium sulphate is sufficiently soluble in water to be used as a test for barium and 
strontium, whose sulphates are practically insoluble. Sulphuric acid, or other sulphates, would 
precipitate calcium as well from a strong solution. 

Barium would answer the special tests about to be applied for strontium and for calcium, 
and, if present, must therefore be removed before these can be looked for. For the same 
reason, strontium must be removed before testing for calcium. 

The barium is separated by means of hydrofluosilicic acid, which gives a translucent pre- 
cipitate of BaSiF^ (more complete in presence of alcohol), strontium and calcium remaining in 
solution. A separate portion of the original precipitate is dissolved in acetic acid, and potassium 
ohromate added, in order to confirm barium, which gives yellow BaCrO^, insoluble in acetic 
add. 

A portion of the filtrate from the H^SiF, precipitate is tested for strontium with calcium 
sulphate. If present, dilute sulphuric acid is added to the remainder. This precipitates all 
the strontium and part of the calcium, as sulphates. Enough calcium is always left in solution 
to be detected by the ammonium oxalate reaction, which gives, in neutral or ammoniacal 
solution, a white precipitate of calcium oxalate (CO,),Ca. 



Barium may also be separated from strontium and calcium by means of potassmm chromaU, 
which, in an acetic add or diliUe netUrcU solution, precipitates only BaCrO^. 

Also by converting the metals into chlorides^ evaporating to dryness, and digesting with 
absolute alcohol SrCl, and CaCl, dissolve, BaCl, remains insoluble. 

Strontium may be separated from calcium by converting the metals into sulphates and 
digesting with a hot strong solution of ammonium sulphate. CaSO^ dissolves, SrSO^ remains 
insoluble. 

Also by converting the metals into nitraieB, evaporating to dryness, and digesting with 
absolute alcohol. Ca(N03), dissolves, Sr(NO,), remains insoluble. 
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TABLE VI. 



Mg, K, Na, NH. 
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TABLE VI. 

Solution may contain M^ K, Na, NH^. 

Evaporate to dryness. Heat residue to low redness until fumes cease to be evolved. 

1. Dissolve a portion of residue in water (and a drop of diL • HCl if neoeesary). 
Test the solution with NH^CI, NH, and sodium phosphate. Warm, shake, and 
allow to stand. White ppt. (crystalline from dilute solutions or on standing) 
= MAGNESIUM*. 

2. Dissolve the remainder in the least possible quantity of watert. Filter if neces- 
sary. Test a portion of the solution by stirring on a watch glass with PtCl^:^. 
Yellow ppt. in lines = POTASSIUM. 

Examine another portion by the flame-test on a clean platinum wire. 
Strong and persistent yellow colouration = SODIUM. Violet colouration 
POTASSIUM. 

Test a portion of the original substance or solution for ammonium by boiling with 
potash. Fumes of ammonia (recognised by odour and action on red litmus paper) AMMONIUM. 



* A slight floooolent ppt. which does not become dystalline on standing may be due to Ba, Ca, Al, ftc. In 
doubtful cases, therefore, add a mixture of ammoniom sulphate and ammonium oxalate and ammonia, boil and 
filter before testing for Mg. 

t If much Mg is indicated it should be removed before testing for K and Na. This may be done by adding 
Ba(0H)2, filtering, removing the excess of Ba salt with' ammonium carbonate, evaporating, and igniting to remove 
ammonium salts. 

t If iodides are present, PtCl^ will produce a strong red colour. 
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EXPLANATION OF TABLE VI. 

Before testing for the remaining metals, it is necessary to remove all ammonium salts 
from the solution ; [since PtOl^ gives the same reaction with them as with potassium salts ; 
and since the precipitation of magnesium by sodium phosphate is rendered less sensitive, and 
that by barium hydrate prevented altogether, by their presenca] This is done by evaporating 
to dryness and igniting the residue, whereby ammonium salts being volatile, are expelled. 
Too high a temperature must not be used, since sodium and potassium chlorides might then be 
▼olatilued also. 

A portion of the residue is dissolved in water (and a drop of dilute HOI if necessary, 
since MgCl, leaves a sparingly soluble oxychloride on evaporation of its solution) and tested 
for magnesium with NH.Cl, NH, and Na.HPO^, 

Na,HPO, + NH, + MgCl, = (NH JMgPO, + 2NaOL 

[The NH^Cl prevents the precipitation of Mg(OH), by NH,, owing to the formation of a 
soluble double chloride (MgCl, . 2NH,C1).] 

The remainder of the residue is dissolved in water (filtered if necessary from MgOMgOlJ 
and examined for potassium and sodium ; the former by PtCl^, which gives a yellow precipitate 
of K^PtCl, (more complete in the presence of alcohol), and the latter by the flame-test, sodium 
compounds giving a strong yellow flame. 

Acid potassium metantimoniate K,0 . H,0 . Sb^O, . 6 Aq is sometimes employed as a 
test for sodium salts, with which it produces a white precipitate of Na,0 . H,0 . Sb^O^ . 6Aq. 
The solution to be tested must be neutral, and the reagent freshly prepared. 

The separation of magnesium from alkali metals may be efiected in several waya In the 
process here recommended it is precipitated as Mg(OH), by means of barium hydrate ; the 
barium being then removed as BaCO,, by adding ammonium carbonate. Mercuric oxide may 
be used instead of barium hydrate, and the mercury afterwards got rid of by heating to low 
rednesa 

Another method is to precipitate the magnesium by anmionium phosphate, and afterwards 
remove the excess of phosphoric acid by ferric chloride. 

Or the solution (containing the metals as chlorides) may be evaporated to dryness with 
ammonium oxalate and heated, whereby they are converted into carbonatea On digesting the 
residue with water, MgOO, remains insolubla 



PRELIMINAKY EXAMINATION FOR ACID RADICLES 
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EXPLANATION OF PRELIMINARY ACID TABLE. 



The following equations maj be taken as typical of the reactions which occur: 

Carbonate Na.CO, + 2HC1 = 2NaCl + H,0 + CO.. 

„ ,, ., (NaClO + HCl = NaCl + HCIO 
Hypochlorite . . .j^^^^ ^ ^^ ^ H.O + CI. * 

Sulphide Na,S + 2HC1 = 2Na01 + Jifi. 

Sulphite Na.SO, + 2HC1 = 2NaCl + H.O + SO,. 

Thiosulphate . . .Na.S.O, + 2Ha = 2NaCl + H,0 + SO, + S. 

Cyanide KCy + HCl = KCl + HCy. 

r KCNO + HCl = HCNO + KCl 

^"^*® IHCNO + H,0 + HC1 = NH,C1 + C0,* 

Chlorate 3KC10, + 2H,S0, = 2KHS0, + KCIO, + H.O + 2C10, • 

^ /KNO, 4- H.SO, = KHSO, 4- HNO, 

^'*~^ \HNO,(inpart) = H.O + N,0, + ' 

Nitrite.. 2KN0, + 2H,S0, = 2KHS0, + K,0, + H.O (in part). 

Acetate CH, . COOK + H.SO^ = KHSO, + CH, . COOH. 

Oxalate {coOH " ^-^ = ^^ •*• ^O-' 

Ferrocyanide . . .K,FeC,N, + 6H,S0, + 6H.0 = 2K,S0, + FeSO, 4- 3(NHJ,S0, 4- 6C0. 

Formate H . COOH - H.O = CO. 

Cyanide 2KCN 4- 4H.S0, 4- 2H.0 = 2KHS0, 4- 2(NH,)HS0, 4- 2C0 (in part). 

r KI 4- H.SO, = KHSO, 4- HI 
^^^^®: t2HI 4- H,SO, = 2H.0 4- SO. 4- 1, (in part)* • 

Bromide Same reaction as iodide, but much HBr escapes undecomposed. 

T^ron..f. / ^^^^» ^ H.SO =KHSO, 4- HBrO. 

^"'°'*^ \2HBrO, = H.0 4.Br, + 03(inpart) ' 

Hypobromite ...Same reaction as for hypochlorite. 

^ . , f CaF, 4- H SO, = CaSO, 4- 2HF 

^'^""^^ l4HF + Sib. =2H.0 + SiP. • 

Silicofluoride . . .K.SiF, 4- H.SO, = K.SO, 4- SiP^ + 2HF. 

Chloride NaCl 4- H.SO, = NaHSO, + HCL 

p. [Reactions not definite. 



* If the HI were much in exoess of the H,S04, some H,S might he evolved — 

SHI 4- H^04= H^ 4- 4HjO 4- 41,. 
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EXAMINATION FOR ACID RADICLES 

IN THE WET WAY. 



Preparation of Solution. 



The substance, if solid, must be dissolved if possible in water, since acids are obviously 
inadmissible. [Dilute nitric acid may however be used in special cases, as for some acids 
of Group 3.] 

If inaolvhle in water, the most general method is to boil with a strong solution of sodium 
carbonate for some time (or, in case of acids not decomposable by heat, to fuse with solid 
.sodium carbonate and boil residue with water) and filter. In this way the acid is usually 
obtained as a soluble sodium salt^ while the base remains as an insoluble carbonate or oxide, 
e.g. 

CaF, + Na,CO, = CaCO, + 2NaF. 

residue solution 

If metals are present in solution which would interfere with the tests about to be applied 
(as a rule, all except K, Na, or (NH^)), they must be removed before proceeding. [The necessity, 
or otherwise, of removing metals, is roughly indicated by boiling a portion of the solution with 
Na^CO, ; if no ppt. is produced, it is u8uaUy safe to proceed. The previous examination for 
metals, however, is a better guide.] This may in most cases be done by boiling or fusing 
with Na,CO, as above. [Phosphates of Al, Ca, Ba, Ac. are very imperfectly decomposed in 
this way, but they will have been identified during the examination for metal&] 

The solution, after boiling or fusing with Na^CO,, must be just acidified with dilute 
HNO, to remove the excess of Na^CO,, and gently heated to expel CO,. 

Hydrosulphuric acid may be used to remove metals of groups 1 and 2, the filtrate being 
aflei*wards heated to expel excess of H^S. This method is advisable in the cases of mercuric 
cyanide and tartar-emetic. 

Pilute sulphuric acid and alcohol is sometimes employed in case of Pb, Ba, Sr and Ca. 



EXAMINATION FOR ONE ACID RADICLE. 
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DETECTION OF MORE THAN ONE ACID RADICLE. 
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EXAMINATION FOR ACID RADICLES. 



Explanation. 



The method of examination here recommended depends upon the following prindples : 

1. The insolubility of Sulphate and Silicofiiuoride of Barium in dilute HCl. 

These two acid radicles are easily distinguished in presence of one another, 
since silicofluorides heated with concentrated H,SO^ evolve SiF^ and HF, 

BaSiF, + H^O, = BaSO, + SiF, + 2HF, 
whilst sulphates give a white ppt. of SrSO^ with a strontium salt. 

% The insolubility (or sparing solubility) of the following calcium salts in water. 
Oxalate, Fluoride, Phosphate, Arsenate, Borate, Tartrate, Citrate^ (Carbonate). 

Of these^ calcium oxalate and fluoride are insoluble, or nearly so, in acetic 
acid, the rest being soluble. 

Calcium oxalate on heating to redness is converted into carbonate, 

Ca(CO,), = CaCO, + CO, 

and the residue after heating therefore effervesces when treated with a dilute 
acid. Calcium fluoride remains unaltered. 

From the solution of the remaining calcium salts in acetic acid, ferric 
chloride precipitates phosphate and arsenate, 

Ca,(POJ, + Fe.Cl, = 2FeP0, + 3CaCl,. 

Tartrate, citrate, and borate are looked for in separate portions, the two 
former however only if indicated in the preliminary examination. 

3. The insolubility of the following silver salts in dilute nitric acid. Chloride, 
Cyanide, Sulphocyanide, Ferricyanide, Bromide, Ferrocyanide, Iodide, (Sulphide). 
(If silver nitrate were added in neutral solution, nearly all other add radicles 
would likewise be precipitated as silver salts.) 

These can be further subdivided into groups owing to their different solu- 
bilities in ammonia. 
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4. Ferric chloride, in dilute acid or neutral solution, precipitates ferrocyanide as 
''Prussian blue** (usually represented as Fe^(FeCy0),) and gives a blood-red colour 
with sulphocyanide due to ferric sulphocyanide Fe,(CyS)^; whilst ferrous sulphate 
precipitates ferricyanide as "TumbulFs blue" Feg(Fe,Cy„). If ferrocyanide is 
present, ferricyanide must be looked for in some other way, such as by adding 
potassium iodide and starch (see Special Separations), (or by the solubility of its 
silver salt in ammonia, but this is not satisfactory, since there is danger of 
reduction to ferrocyanide). 

Having so fiur divided the acids which are present into groups, special tests or sepa- 
rations must be applied as the results obtained dictate. By carefully noting the effect of 
each test applied, and exdvdvng those acid radicles shewn to be absent, there will usually 
remain but few which require further separation or confirmation. The identification of one 
add radicle will, moreover, often indicate the presence or absence of another. For example, 
if a hypochlorite is found, a chloride is almost certain to be present (since pure hypo- 
chlorites are very rare and unstable; so-called hypochlorites being usually mixtures of 
hypochlorite and chloride)^ whereas sulphite must necessarily be absent (since sulphite + hypo- 
chlorite - sulphate + chloride). 



EEACTIONS OF SOME OF THE MORE COMMON 

ORGANIC BODIES. 



METHYL ALCOHOL. 

Wood Spirit. OH,. OH. 

Colourless, limpid, volatile, inflammable liquid. Miscible with water, ether, and ethyl 
alcohol. 

Heated with poUusium dichramate and dilute stdphuric (udd in excess^ it yields 
formic acid, which may be distilled off and identified as usual, 

H H 

CH.OH "^ ^ ^ OOOH "^ ^«^- 

Iodine and caustic potash yields no iodoform. 



ETHYL ALCOHOL. 



/OH. 



Alcohol Spirits of Wine. (O.H,)OH or {qjj'qjj • 

Colourless volatile inflammable liquid. Miscible with water and with ether. 

1. Heated with potassium dichromate and dilute sulphuric acid, not in excess, it 



yields acetaldehyde — 



^^» +0 = ^^* +H0 
CH.OH ^ ^ OOH ^ ^'^ • 



The aldehyde may be distilled off and identified by the usual tests. 

14 



106 REACTIONS OF SOME OF THE 



ETHYL ALCOHOL {conUtmed). 

2. A dilute solution of ethyl alcohol gently heated, and a colourless strong solution 
of iodine in caustic potash added, gives graduaUy a yellow crystalline ppt of 
iodoform CHI,. Examined under the microscope, this ppt is seen to consist of 
hexagonal plates or six-rayed stars. [Lieben's test]* 

3. Heated with sodium acetate and strong sulphuric acid, the characteristic odour of 
ethyl acetate (acetic ether) is produced, 

(0,H,)OH + CH, . COOH = CH, . COO(0,H J + H,0. 



ACETALDEHTDE. 

Colourless mobile inflammable liquid. Chanustnistic odour. Miacible with water, alcohol, 
and ether. 

1. Solution of siher oxiie in ammonia gives a bright minor of metallic silver on 
warming. Qlon ddicate in preseoce of KHO.) 

i. Fekii$^*s soiuOen giveB^ on heatini^ a red j^ of Oo^O. In these cases the aldehyde 
is converted into aoetie acid, 

^^+0-^^« 
COH COOH' 

^ Heated with eaustie potash the liquid turns biown, owing to the IbnnatioQ of so- 
called aldehyde-resin. 

4. If dissolved in ether, and amumomia gas be passed into the liquid, white crystals <^ 

CH. 
"ammoniMlddijde" I^NH. are obUined. 



* Xliit reaetiott it ako piodtaoed bj ald<liyde, 
dteal, aMttul or aaQrl aknlni, m et A m knaat mii^ ^fy^sdm 
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CHLORAL. 



rcci 
Trichlor-Metaldehydo. (qoh' 



Colourless mobile liquid. Combines readily with water, forming crystalline chloral hydrate, 

CCl, ^ CCl, 
COH '^ or Qjj^QHj^. 

1. Catutie potash converts it into chloroform and potaanum formate, 

^^^ + KHO = OHC1.+ ^QQ^. 

These products may be identified as usual. 

2. Silver oxide^ Fehlin^s solution^ and ammoniti^aa^ behave as with acetaldehyde. 



CHLOROFORM. 

Trichloromethane. CHCl,. 

Colourless limpid volatile liquid. Soluble in alcohol and in ether ; nearly insoluble in water. 

1. Heated with an alcoholic solution of caustic potash^ it gives potassium formate and 
potassium chloride, 

CHCl, + 4KH0 = J^Qg. + 3KC1 + 2H.0. 
These products may be identified as usual. 

2. Heated with a primary amine {e.g. aniline) and an alcoholic solution of caustic 
potash, the characteristic odour of carbaminee is produced, 

CHCI3 + (C^HJNH, + 3KH0 = (C H,)NC + 3KC1 + 3H,0. 
aniline Phenyl earbamine 

3. Fehling's solution is readily reduced on heating, red Cu,0 being pi'ecipitated, 

CHCl, + 2CuO + 5KH0 = Cu,0 + K,CO, + 3KC1 + 3H,0. 



14—2 
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GLTGEBIN. 

(0,HJ'"(OH), or JCHOH. 

(CH,OH 

Colourless Tiscid liquid. Sweet taste. Miscible with water and with aloc^ol. 

1. Heated with dehy<iraiing agenis (e.^. KHSO^ or (xmoentnited HJSOJ, character- 

istic irritating odour c^ acrolein is obtained. 

C^(OH). - 2H,0 = C.H, . COH. 

2. A borax bead immersed for a few minutes in a sdutioii of glycerin (made 
slightly alkaline with KHO) and hdd in a Bunaen flame, gives a green colour to 
the flame. 



FATa 

SolaUe in eth«r, and in csibon diaalpliidfc PtactiaJly inaofaiUb in ' 

1. Heated witk cmmtlie aoAi or ^otaa4*, » aoap is prodooed and gljc e tin sqMtmtea, 

(^); « A + 3N.OH = 3 {^^ + CA(OH), 

2. And with imd oxMfe, insoluble lead stc^rate and ^yeerin are prod ace d y 



X Heated alone they aeeoa^oae, eviihiBg acrolein C,H,.OOH, and other <^iensiTe 
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SOAPS. 



fc.^. 



E.g. Sodiom Stearate ("Hard soap"). jcooNa- 

Solnble in pare water; reprecipitated hj a strong solution of sodium chloride: Soluble 
in alodioL Aqueous solution "lathers" when shaken. 

1. From alcoholic or aqueous solution, calcium or magnenum taltt {e.g. hard water) 
precipitate white calcium or magnesium stearates, 



^-^^^ ^ 2 {c6^"a = (cbf "). Ca+ Na.SO, 



2. Dilute hydrochloric add gives a white ppt of stearic acid, 

COONa ^ ^^ COOH ^^^ 



GABB0H7DRATES. 

L Saccharonfu (C.,H„o.,.) 

Cane Sugar. Saccliaron (Sucrose). C,,H„0„. 

Soluble in water. Insoluble in cold absolute alcohol. 
Dextrorotatory. 

1. Does not directly reduce Fehling^s solution*, 

2. Boiled with dilute aeida (H^SO^ or HCl) it takes up the elements of water, 
forming a mixture of dextrose and Isevulose ('* inverted sugar"), 

C,.H„0„ + H.O = 0.H..O. + C,H,.0.. 

3. In contact with yeast it passes first into a mixture of dextrose and Isevulose. 
which then undergo alcoholic fermentation. 

4. Concentrated sulphuric acid, added to a strong warm solution, causes it to blacken 

and swell up, owing to the separation of carbonaceous matter, 00, SO^, H. COOH, 
^ being evolved. 



* *'Fehling*8 solution** is a solution of so-called « basic*' cuprio tartrate in excess of oanstio alkali. 
The aetion of glucoses upon it, is virtually the redaction of GnO to Cn^O, the glucose becoming oxidized 
to aoetio, formic, tartronic, ^. adds, and other bodies. The exact nature of the change is not known. 



no 
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CASBOHTDRATES {eonHnued). 
Milk Sugar. Lacton. Oj,H„0,,. 

Lees soluble in water than cane sugar. Insoluble in absolute alcohol. 
Dextrorotatory. 

1. Readily reduces FeJding^B BoluUan on heating, red Cu,0 being precipitated. 

2. BoUed with dilute ocicb, it takes up the elements of water, forming a mixtore 
of galactose (C^H^^O^), and another glucose (C^^,0^), which is probably identical 
with sucrodexlarosa 

3. In contact with yeast, it passes first into galactose, 4a which then undergo 
alcoholic fermentation. 

4. CaneerUraUd atUpkwic <md chars it, but less readOy than cane sugar. 

Starch Sugar. Malton (Maltose) Amylon. C^„0„. 

Soluble in water and in alcohoL 
Dextrorotatory. Diffusible. 

1. Reduces Fehling^s sduHan on heating, red Cu,0 being precipitated. 

2. Boiled with dihUe cuids, it is slowly converted into a mixture of two dextro- 
glucoses C^„0,.* 

3. In contact with yeaet it is first conTorted (probably) into dextrc^lucoses, which 

then undergo alcoholic fermeiittttiax 



n. Glucoses. (O^^O..) 

Dertrose. Sucrodextrose. Grape sugar. C,H^O^. 

Soluble in water and in alcohoL 

Dextrorotatory. 

Less sweet than cane sugar. 

1. Reduces FeUu^'s solntum at once on heating red Gq^O being 

2. A wann aolutioii in contact with yeati readily uadergom ako 

CA.O. - 2(C,H^ OH + 200,. 
Cimeeniraiml sulpktuic acid does not blttckm it. 
Heated with strong soluticm of eauaHe pct4M$k it turns brown. 

LeTUkse. Suax^beTukse. C.H^O.. 

Resembles dextrose in the aboTe propertieB, but ii 
in akohol. 



4. 



mad more soluble 



Galactose Lactose. C.H^O.. 

A dextrorotatory glucose, dosdy rwrmbling dextrose, but ImTing a lii^ier nytatoiy 
power. 



* Or psiAMfs SBlinty mlo otdinaiy 



Is teis as aolte oi 
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CASBOHTDBATES {eominued). 

m. CarbohydrateB of the compotition (C,H,,o,).. 
Starch. (C^,oO.).. 

Insolable in oold water. Heated with water it forms a mucilage or paste, and 
on boiling with much water, a kind of solution which contains ''soluble starch". 
Deztrorotatoiy. Ck>lloid. 

1. Iodine colours starch paste, or solution, blue. The colour is temporarily destroyed 
by heating. 

2. Solid starch when heated to about 150^0. is converted into "British gum" 

(impure dextrin) which is soluble in cold water, and is not coloured blue by 
iodine. 

3. By the action of many unorganized fermenta (such as ptyalin, diastase, &c.) or 
'by heating with dilute acide, starch takes up the elements of water, forming a 

mixture of dextrin (Cfi^fi^)^ and amylon Oj^H^Oj,. These bodies afterwards 
undergo further hydration, giving dextrogluoosea. (See Amylon and Dextrin.) 

DextrilL Amylin. (C.H,,0.).. 

Easily soluble in cold water. Insoluble in alcohol 

Dextrorotatory. Colloid. 

Solution is not coloured blue by iodine*. 

In contact with many unorganized ferments (or dilute acids), it is converted into 

amylon Cj,H„Oj„ 

2(O.H,,0,). + nH.O = nO,.H„0„. 

Iniilin. (C.H,,0.).. 

Resembles starch, but is completely eoluhle in warm water, the solution is 1(bvO' 

rotatory f and is not coloured blue by iodine. 

In contact with dihUe acids it gives a Invorotatory glucose resembling sucro- 

IflBvidose. 

Glycogen. {Ofi^fiX- 

Readily soluble in warm water, forming an opalescent solution. Insoluble in 
alcohol. 

Dextrorotatory. 

Iodine colours it reddish-brown. The colour is temporarily destroyed by heating. 
By dilute acide, and by many unorganized ferments, it is converted first into 
- a kind of dextrin (according to some, into a mixture of amylin and amylon) 
and then into a dextrorotatory glucose C^H^^O^, perhaps identical with sucro- 
dextrose. 

CeUidoBe. (C,H..o.).. 

Insoluble in water or alcohol. Soluble in a solution of cuprammonic hydrate 
(prepared by dissolving cupric hydrate in ammonia), from which it is reprecipi- 
tated by HCl or CO.. 

lodins alone does not colour cellulose blue, but it does so in presence of con- 
centrated sulphuric acid, or of zinc chloride. 



* There are probably several varieties of dextrin. So-called erythro-dextrin gives a reddiah-brown colour with 
iodine, which permanently disappears on heating. 
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LACTIC ACIDS. 



Fennontfttioil Lactic Add. {IwicUve p HydroxTpropionic or Ethjlidene Lactic ^ 

Add.) 



rcH, 



CH . OH. 

I 

COOH 



Colourless syrupy liquid. Very soluble in water, alcohol, or ether. 

1. Heated with dilute sulphuric acid^ it yields aoetaldehyde and formic acid, 

CH, 

I CH. H 

CH.OH=| +p^^„. 

I COH COOH 

COOH 

3. GenUe oaeidizing agents (e.g. manganese dioxide and dilute sulphuric acid) convert it 
into aoetaldehyde and carbon dioxidei More powerful oxidizing agents yield acetic 
acid and carbon dioxide. 

3. Heated with concentrated sulphuric add, carbon monoxide is evolved. 



Hydroxypropionii 



fCH. 
I 

CH.OH. 
I 
OOOH 



Identical with fermentation lactic add in the above properties, but is distinguished 
by being cpHeMy adiw (feebly dextrorotatory). Thane is a diflference also in the 
cbaraeter of the line salts. 



CHL.OH 
I 
CH. 

OOOH 



BlhjlMM LMtic Aeid. (« Hydroxypn^iianic Add.) 



Differs from the above in thai» when treated with ftyiiKging ageats (chromic or 
nitric addsX it yields osoMe add and carbon dioxide — 

CHL.OH 00. OH 

{ ^^ O. = I +CO. + 2HO: 

CH,.COOH OO.OH • ^ 

and wiMn healed alone, or with dilute snlpkuxic add, it ^lits vp into aciylic 

CEL.OH CH. 

I = a ^"H,a 

CH,.C0OH GH.OOOH 
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UBEA. 

Carbamide (?) oojjg- or c=nh. 

• ^OH 

Prismatic crystak. Easily soluble in water and in alcohol 

1. Strong nitric acid throws down, from concentrated solutions, crystals of urea nitrate 

C0(NH,),.HN03. Under the microscope these are seen to consist of rhombic or 
six-sided tables. 

2. Heated akme to about 150*^ C. ammonia is evolved and biuret formed — 

2C0 I^„« = ":NH + NH.. 
<NH pf.-^ » 

On dissolving biuret in water, adding excess of caustic potash and a drop of copper 
sidphcUe, a red-violet colour is produced. 

3. A neutral solution heated to about 40° C. with a trace of urine-ferment^ turns alkaline 
after a few minutes, owing to formation of ammonium carbonate — 

4. Sodium hypohromiU^ in presence of caustic soda*, causes a rapid evolution of 
nitrogen — 

CO(NHJ, + 3NaBrO + 2NaOH = 3NaBr 4- Na.CO. + 3H,0 + N,. 
(Sodium hypochlorite only evolves half the nitrogen in the cold.) 

5. Nitrous acid (or a nitrite + dilute acid) evolves nitrogen and carbon dioxide (complete 
on heating), 

CO(NH,), + 2HN0, = CO, + 3H,0 4- 2N,. 

6. Mercuric nitrate (in absence of chlorides), white ppt. of 

2C0(NH,), , 3HgO . Hg(NO.).. 



* Prepared by gradnally adding bromine to strong oanstie soda solution, and keeping the miztnre cool. 
r. 15 



lU REACTIONS OF SOME OF THE 

TJBIC ACID. 

H.(C.H.N.OJ. 

White ciystalline powder. Almost insoluble in water. Soluble in caustic potash, forming 
potassium urate, 15.^(0 ^H^l^fiJ, from which hydrochloric acid repriecipitates uric acid. 

Evaporated just to dryness with dilute nitric (tcid^ a yellow or pinkish residue is 
left, which when moistened with ammonia gives a crimson colour, due (in part) 
to " murexide " or ammonium purpurate, NH^ . (C^^N^O,). This colour is changed 
to a purple by caustic potash. 

Heated alone^ it blackens, and evolves, amongst other bodies, hydrocyanic acid, 
carbon dioxide and ammonia, which may be recognised by their odour, &c, 

STBTCHNINE. 

Strychnia. C„H^,0,. 

Prismatic crystals or white powder. Very slightly soluble in water, the solution having 
a bitter taste. Sparingly soluble in alcohol and ether. Soluble in chloroform. Soluble in 
most acids, forming salts. 

Dissolved in concentrated stdphuric acid and a fragment of manganese dioxide* 
added, a purple colour is obtained, which rapidly changes to crimBon, and after- 
wards to pink or oranga 

[Gurarine gives an exactly similar reaction, but it is almost insoluble in chloroform.] 

Caustic potash (ammonia, potassium, carbonate, &a) throws down a white ppt 
of strychnine from solutions of its salts (if not too dilute) which is insoluble 
in excess, and soon becomes crystallinei 

QUmiNE. 

Qaima. C^H^N.O.- 

White powder or dystals. Very sparingly soluble in water. Easily aolable in alcohol 
and in chloroform; lees so in ether. Soluble in most acids, forming salts. 

1. Dissolved in diiute sulphuric acidj the solution exhibits well mailed blue fluoreeoence. 

2. A nearly neutral solution mixed with chlorine or bromine uxMier^ and then with 

ammonia in excess, gives a bright colouration or precipitates 

3. Treated first with chlorine or bromine water^ then with a few drops of potassium 
ferro- or ferri- cj^nide^ and lastly with ammonia not in excess, a red oolooration 
is produced, destroyed by excess of aounonia. 

4. Caustic potash gives, in solutions of quinine salts, a white ppt. of hjdrated 
quinine, insoluble in excess. 



bichromate or pennanganate, kadi dioxide, Ae. answer the same pupoaa. 
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MORPHINE. 

Morphia. C,,H,,NO,.H,0. 

White powder or small prisms. Almost insoluble in cold water; very sparingly soluble 
in boiling water, ether, cold alcohol, and chloroform. Dissolves easily in hot alcohol; also 
in dilute adds, forming salts. 

1. Neutral ferric chloride gives with dry morphine (or a neutral solution) a deep 
inky blue colour, changed to green by excess of ferric chloride. 

2. Iodic add gives, in neutral morphine solutions, a brown colour, due in part to 

the liberation of iodine, which may be detected by the starch test. The brown 
colour is deepened by ammonia. 

3. Strong nit/ric acid in excess, gives a deep orange colour. (Unchanged by stannous 
chloride.) 

4. Heated to 100^ C. with concentrated sulphuric acid^ and a cr3rstal of pure potassium 
perchlorcUe added, a brown colour is produced. 

5. From strong solutions of morphine salts, caustic potash (one drop) gives, on stirring, 
a white ppt of hydrated morphine, easily soluble in excess. 



BBUCINE. 

Brucia. C„H^N,0,. 

White powder, or crystalline needles or prisms. Slightly soluble in water. Easily soluble 
in alcohol and in chloroform. Soluble in most acids, forming salts. 

1. Strong nitric acid gives with solid brucine (or a solution to which strong sulphuric 
add* has been added) a scarlet colouration changing to orange and yellow. 
Stcmnous chloride changes the colour to purple or violet, if sufficient brucine is 
present 

2. Mercurous nitrate added to a neutral solution, and the mixture heated to 100^ 
gives a crimson colour, 

3. Caustic potash precipitates brucine from solutions of its salts, insoluble in excess. 



* Strong Bolphuric acid itself giyee a transient rose ooloor with braoine. 

15—2 
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BENZENE. 

BenzoL C,H,. 

Colourless very limpid liquid. Characteristic odour. Gives off highly inflammable vapour 
when heated. Miscible with alcohol, ether, and chloroform, but not appreciably with water. 

Agitated for a few minutes with the strongest nitric cuAd (not allowing the 
temperature to rise too high), nitrobenzene C^H^NO, is formed, which separates 
in oily drops on adding much water, and has characteristic odour of bitter 
almonda On digesting nitrobenzene with a hydrogenizing agent, e,g, zinc and 
hydrochloric acid, aniHne is obtained, 

C.H.NO, + 3H, = O.H.NH, + 2H.0, 
which may be detected as usual. 



PHENOL 

Carbolic Add. Fhenic Add. C,H, . OH. 

Colourless deliquescent crystals. Characteristic odour. Sparingly soluble in water; solu- 
tion does not redden litmus. Easily soluble in alcohol, ether, chloroform, or alkalies. 

Aqueous solutions of phenol give with 

1. Bromine water , white or yellowish ppt. of tribromophenol CgH,Brg.OH, even in 

very dilute solutions (1 in 60,000). This ppt if washed, digested with sodium 
amalgam and water, and then acidified with HCl, is reconverted into phenol, 
which may be recognized by its odour. 

2. Gkntly heated with ammonia, and a drop of sodium hypochlorite added, a deep 
blue colour (green in dilute solutions) is produced, changed to red by acids. 

3. Ferric chloride gives a violet colouration; (not so sensitive as with salicylic acid — 

1 in 300). 

4. Phenol added to a mixture of potassium nitrite and strong sulphuric acid, gives 

a brown colour changing to green and finally to blua 
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ANILINE. 

Phenylamine. C^H^NH,. 

Oily liquid, colourless when pure. SlighUy soluble in water. Easily soluble in alcohol, 
eiher, and chloroform. 

Solutions of aniline or its salts give with hleachhig povoder solution, not in excess, 
a violet or purple colouration, soon changing to brown. 

Heated with cMoro/arm and alcoholic solution of caustic potaah, characteristic 
odour of phenyl carbamine C^H^NC is evolved. (See Chloroform.) 

Treated with concentrated avlphuric acid and a fragment of manganese dioxide 
(or potassium bichromate) added, a blue colouration is obtained, changing to black 
after a time. 

Heated with potassium nitrite and dilute H,SO^, phenol is formed, which may 
be recognized by its odour, &c. 

C,H,NH, + HNO, = C,H,OH + H,0 + N, . 



SALIC7LIG ACID. 

OH 

Orthozybenzoic AcicL ^«H«qqoh* 

White granular powder or prismatic crystals. Nearly insoluble in cold water. Soluble in 
hot water, alcohol, ether, or alkalies. 

1. Heated with lime^ it yields phenol, which may be recognised by its odour, <&c. 

0.H, ^J^g + OaO = 0.H.OH + CaCO.. 

2. Ferric chloride gives a fine violet colour even in very dilute solutions (1 in 100,000). 

The colour is destroyed by acids or alkalies. 

3. Bromine water gives a white ppt. similar to that produced by phenol, and which 
behaves similarly with sodium amalgam; but the reaction is far less delicate. 
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BENZOIC ACID. 

COOH* 

White feathery crystals. Characteristic odour especially on heating. Sparingly soluble 
in cold water. (The solubility is much increased by the presence of sodium phosphate) 
Easily soluble in boiling water, alcohol, ether, and chloroform. Hydrochloric acid precipitates 
benzoic acid from strong solutions of its salts. 

1. Heated with lime, benzene is evolved, which may be distilled off and identified 
as usual, 

C^, . COOH + CaO = C^, + CaCO,. 

2. Heated alone to about 120^0. it melts, and afterwards sublimes, giving an irri- 

tating vapour which readily condenses to white crystals. 

3. Neutral ferric chloride gives, in neutral solution, a reddish-white ppt. of basic 

ferric benzoate Fe,(C^.COJ^ . Ee.O,. 

4. Ammoniaeal barium chloride, in presence of alcohol, no precipitate. 



HIPPUBIC ACID. 

CH,NH(C^,CO) 

Benzamidaoetic Acid, i =C,H^O,. 

COOH 

Shining prismatic crystals. Nearly insoluble in cold water, ether, and chlorojbrm. Readily 
soluble in boiling water, and in alcohol. 

1. Boiled for some time with strong hydrochUyric acid, it takes up the elements of 
water, forming amidacetic acid (glycocol) and benzoic add — 

CH.NH(C,H..CO) OH.NH, 0^. 

I + H.0 =1 +1 

COOH • COOH COOH 

The latter is mostly given off in vapour; and the former may be identified by 
adding to the solution an excess of caustic potash and a drop of copper sulphaie, 
when a deep blue solution is obtained, which is unaltered by boiling* 

2. Heated alone, it melts, and evolves aromatic odours, due to benzonitrile C^, . ON, 
benzoic add, kc Heated with lime it evolves benzene. 
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SUGCINIG ACID. 

CH,COOH 
CH,COOH ' 

Colourless (nystals, easily soluble in water, alcohol, or ether; insoluble in chloroform. Is 
not precipitated from solutions of its salts by hydrochloric acid. 

Heated cUone, it gives off a suffocating yapour, easily condensing to crystals. 
Strongly heated in air it bums with a blue flame. 

Ammonictcal barium chloride gives, in presence of alcohol, a white ppt of barium 
succinate, q^qq^^^^ 

Neutral ferric chloride gives, in neutral solutions, a brownish-red ppt of basic 

/OH CO \ 
ferric succinate, ^®«(riTT*po') * ^®«^«' C'^^ PP** when boiled with ammonia, gives 

> 8 9 3 

ammonium succinate, which may be identified by the BaCl, test as above.) 



PBOTEmS. 

Approximate composition, O^fi^^^^fi^, 
General characters: 

Amorphous. Solutions Isevorotatory. 

Difiuse with very great difficulty (except peptoties, which are highly diffusible). 

Greneral tests: 

1. Mercwric nitrate, in presence of nitrous acid* (MiUon's reagent), gives a precipitate 

which turns red on heating. The liquid also turns red. With minute quantities 
a red solution only is produced. 

2. Strong nitric acid produces a yellow colour, changed to orange by ammonia. 

3. Heated with caustic potash and a few drops of cupric aulphcUe a violet solution is 

obtained. (Peptones give a red colour, if very little copper salt be added.) 



* Prepared by dissolving mercury in an equal weight of strong nitric acid at a gentle heat, dilating 
with twice its bulk of water, and allowing it to settle* 
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PSOTEIDS (continued). 

Effg'AlbiuniiL 

Kfiltiblo in wator. 

fSilvftr niiraUf mercurio clUoride, and lead acetate, precipitate it from its solution. 

Htrofif/ (deohil flrfit precipitates, afterwards coagulates it. 

Htrotig iioidN, tmiKwially nitric, coagulate it. 

Ifnnt^l to atmut TO^'O. it is coagulated. If however a dilute acid or an alkali be 
flt'Mi ndclnd, no coagulation occurs on heating, and the solutions contain "acid- 
allttunin '* aiul " alkali-alburain " respectively, which are precipitated on neutralizing 
tho ll(|uld. 

K«gg alhutuin dilfcra fi*oni sorum-albumin in some respects, e,g, in being coagulated 
by oilior, and in its coagulated form being nearly insoluble in strong nitric acid. 



OMoln. 



Kbriii 



lniH>lu\ilo in wat«r, and in neutral saline solutions. 

H\4ubto iu dilute acids and in alkalies, reprecipitated on neutralization. If an 
«iM*<i/«H«i |>A<M>/>A4i/(i bo present, however, it is not reprecipitated on neutralizing its 
ttMii/io^ HvUutioiu 

iVutein \wv oUvioly reaombliM alkali albumin in properties; according to some 
auUu4« it is ideuUeal with |K)tAssium albuminate. 



Haa a lilamentoua »tructuit\ and (kisbmssics grei^t elasticitj. 

lunv^uUle in wat^r. Venr s|¥aing)y aoluble^ and with change, in dilute alkalies, 
and iu atnmg ueutnd »c4uUoivs of sodium chloride^ potassium nitnAe, ta, 

Fi^wiu haa tW |M\v|%(Mrf r <vf rK<*dilT d^^ximposiiijGr ^r d rogc n dioxide, ozTgen bdng 
^'VNxlttHL If l^l\Kn W tn^aU^i wiUi fwtcrtrnr ^* f tM i »ac t ti» and kyiro^tm dioxide 
add<st a U\ie wxKnir i» ol>t^ned« 



QXLkTIS or QLUTIN. 

A^mv^i^nWiN^k lV«vv^t4^^ A^w^)x>jiil1^^a \ti<lRM^ Wl slK^t^r 6v«i llwl of ike proteida. Easily 
«^^)\\KK^ \i^ >i^^t«ir4r «^w^ WaUi^^ |p(4aUniM«^ o«i vvo)i«^ A^w<m» M^lkn is iBToroaaaorr, and is 



x'%Vh>««^N<.v i*>\H%^ >\ t\ x^n^^v, ^ik. n^.'^iwkN^ fct w» v >amatw it 



